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PREFACE. 


This report is a presentation of experimental evidence which has been 
accumulating for several years on certain phases of the alcohol problem. 
The data offered relate to the influence of alcohol on a rather wide range 
of measurements, including both physiological and psychological processes. 
The effect on motor functions is particularly considered, first by an extensive 
study in which typewriting by skilled operators was used, and later by 
experiments in which certain new techniques for measuring motor coordina- 
tion ability were introduced. 

A special feature of this report, and one that is relatively new in alcohol 
literature, is the study of very dilute beverages with an effort to relate data 
on the absorption of alcohol to objective measures of the pharmacodynamic 
effects. 

The discussion has not been overburdened by much comparison with 
results published by other workers. The fact is that little has been done 
with solutions as dilute as those used in the majority of our experiments, 
and the present need is for self-consistent and extensive data rather than 
for extensive generalizations. The report suffers from a good deal of repe- 
tition in the description and portrayal of results for different sets of experi- 
ments since they are on the same topic and have many measurements in - 
common. The restatement of experimental conditions and the frequent use 
of certain phrases, for which unfortunately there seem no good substitutes, 
are in the interest of definiteness and to avoid ambiguity. 

Throughout the experimentation the work has benefited very much from 
the kindly interest and the wise criticism of Dr. F. G. Benedict, Director 
of the Nutrition Laboratory. Dr. T. M. Carpenter also generously assisted 
me not only in the experiments reported in Chapter IV, as noted there, but 
likewise by his careful criticism of the routine for alcohol analysis of urine 
samples, by the checking of stock solutions used for dosage purposes, and 
by frequent discussions of methods and alcohol data. 

The author is greatly indebted to the men who so faithfully served as 
subjects in the various experiments; to Dr. J. C. Aub for help in finding 
medieal-school students to serve as subjects; to Dr. H. F. Root for taking 
blood samples; to Mr. E. S. Mills, who skillfully cooperated as laboratory 
technician in taking measurements in all the various series, and who, with 
several other present and past members of the Laboratory staff, had a large 
part in working up the data; to Mr. E. L. Fox for the preparation of the 
charts; and finally to Miss A. N. Darling, whose invaluable editorial work 
has been done under the special handicap of the author’s change of academic 


position before the manuscript was entirely ready for the printer. 
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CHAPTER I. 


GENERAL CONSIDERATIONS AND TECHNIQUE. 


. INTRODUCTION. 


The action of ethyl alcohol on the human organism is a topic of enduring 
interest. Various phases of the problem have been under investigation at 
the Nutrition Laboratory for several years past and a number of publica- 
tions have been issued.4 It is therefore unnecessary to restate or to empha- 
size the scientific importance of the topic as a nutritional problem, and as 
a question of psycho-dynamics. Practical considerations, strongly accen- 
tuated in recent years by the severe military and economic stress generally 
present throughout the world, have brought the alcohol problem into promi- 
nent view and undoubtedly have prompted a more thorough investigation.B 

The toxic effects of alcohol are chiefly observable in the motor incapacity 
of the drinker. No very refined scientific methods are necessary to observe 
the differences existing between the normal state and that of profound or 
average intoxication. Medical physiology and psychology early demon- 
strated that the effects of large and often-repeated doses were clearly 
harmful to the organism. The point of controversy has been and will 
continue to be the question of the effect of “moderate amounts.” 


Nore A—tThe various publications of the Nutrition Laboratory which relate to 
phases of the alcohol problem are as follows: 


Benedict and Dodge. Tentative plan for a proposed investigation into the phy- 
siological action of ethyl alcohol in man: Proposed correlative study of the 
psychological effects of alcohol on man. Privately printed, Boston, 1913. 

Dodge and Benedict. Psychological effects of alcohol. An experimental investi- 
gation of the effects of moderate doses of ethyl alcohol on a related group of 
neuro-muscular processes in man. Carnegie Inst. Wash. Pub. No. 232, 1915. 

Higgins, Peabody, and Fitz. A study of acidosis in three normal subjects with 
incidental observations on the action of alcohol as an antiketogenic agent. Journ. 
Med. Research, 1916, 34, p. 263. 

Benedict. The alcohol program of the Nutrition Laboratory, with special reference 
to psychological effects of moderate doses of alcohol on man. Science, 1916, 
43, p. 907. 

Higgins. The rapidity with which alcohol and some sugars may serve as nutriment. 
Am. Journ. Physiol., 1916, 41, p. 258. 

Carpenter. Physiological effects of ethyl alcohol when injected into the rectum, 
with special reference to the gaseous exchange. Am. Journ. Physiol., 1917, 42, 
p. 605. (Abstract.) 

Higgins. Effect of alcohol on the respiration and the gaseous metabolism in man. 
Journ. Pharm. and Exp. Therapeutics, 1917, 9, p. 441. 

Carpenter and Babcock. Absorption of alcohol and its concentration in the urine 
when injected by rectum. Journ. Biol. Chem., 1917, 29, p. xxviii. (Abstract.) 
Miles. Effect of alcohol on psycho-physiological functions. Carnegie Inst. Wash. 

Pub. No. 266, 1918. : ' 

Carpenter and Babcock. The concentration of alcohol in the tissues of hens after 
inhalation. Am. Journ. Physiol., 1919, 49, p. 128. (Abstract.) : 

Miles. The comparative concentrations of alcohol in human blood and urine at 
intervals after ingestion. Journ. Pharm. and Exp. Therapeutics, 1922, 20, p. 265. 


Nore B—Recently, important work of this character has been in progress in 
England. Lord D’Abernon (Alcohol: Its action on the human organism, New 
York, 1918) and a prominent committee of scientific men have made a digest 
of the alcohol literature and summarized the present state of scientific knowledge 
regarding the effects of moderate amounts of ethyl alcohol taken as single doses. 
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Their statement of the practical problems which appear to them to need further 
investigation is suggestive. Concomitant with this summing up of the present 
status of the question, Mellanby (Med. Research Com., Sp. Rept., Ser. No. 31, 
London, 1919; also British Journ. Inebriety, 1920, 17, p. 157), Vernon (Med. 
Research Com., Sp. Rept., Ser. No. 34, London, 1919, and British Journ. Inebriety, 
1920, 18, p. 39), and McDougall and Smith (Med. Research Council, Sp. Rept., 
Ser. No. 56, London, 1920) have pursued investigations in which they emphasize 
the necessity of strictly defining the alcohol dosage in any such experiments. A 
summary of scientific alcohol results has also been published by Thunberg 
(Alkoholens Fysiologiska Verkningar, Stockholm, 1920). A number of papers have 
likewise been written by Widmark (Tirfing, Stockholm, 1920, Nos. 5 and 6, p. 1), 
and one by Hammarsten and Liljestrand (Supp. A to Gov’t Pub., Stockholm, 1922, 
37, p. 119), which have to do especially with the absorption and utilization of alcohol, 
and, like the work of Mellanby, should not be neglected by future investigators who 
attempt a study of the physiological and psychological effects of alcohol dosages. 
Meyer, in a recent periodical review of the psychological effect of drugs (Psychol. 
Bull., 1922, 19, p. 175) devotes most of his attention to alcohol and states some 
of the problems which appear to him as still unsettled. Of the recent alcohol 
bibliographies, the one of most importance is that of the Index Catalogue of the 
Library of the Surgeon General’s Office, Washington, 1918, Ser. III, vol. 1. This 
supplements the standard bibliographies on the subject, i. e., those of Abderhalden 
(Bibliographie der gesamten wissenschaftlichen Literatur ueber den Alkohol und 
den Alkoholismus. Berlin and Vienna, 1904) and Viazemsky (A bibliography on 
the question of alcoholism. Moscow, 1909, 1st ed.). The chemico-physiological 
literature is especially well represented in the bibliographies given in papers by 
Schweisheimer (Der Alkoholgehalt des Blutes unter verschiedenen Bedingungen. Diss., 
Leipsic, 1913), and recently by Haneborg (The effects of alcohol upon digestion in 
the stomach, Acta Medica Scand., supp. I, 1921), while Miles has cited 80 or more 
titles in a recent paper (The comparative concentrations of alcohol appearing in 
human blood and urine, Journ, Pharm. and Exp. Therapeutics, 1922, 20, p. 265). 


The experiences of everyday life are usually so intricate that they do 
not offer a satisfactory opportunity to observe carefully the behavior of 
others or to judge accurately the efficiency of one’s own reactions and per- 
formances in relation to the influence of so subtle a factor as moderate 
amounts of alcohol introduced into the organism. The problem is one 
which must be taken into physiological and psychological laboratories. A 
laboratory study does not necessarily epitomize the whole of life, nor state 
the question from every angle, but it is a method which may be relied upon 
to reveal facts of certain types, and thus to clear up difficulties in the way 
of a complete understanding of the whole problem. This book is a report 
of such laboratory studies. It is this pure and simple. There is no 
attempted generalization upon the alcohol question at large. There is not 
even a consecutive review of the literature relating to previous experimenta- 
tion with small amounts and dilute doses of alcohol. These compilations 
have been made by others and will doubtless be made again. Our con- 
tribution is confined to first-hand objective experimental evidence given in 
such detail that the reader may draw his own conclusions rather than be 
forced to accept those of the author. 

The need of rigidly scientific investigations, with results stated in objec- 
tive form, free from personal bias of the investigator, can hardly be too 
much stressed in this case. It may seem that of the many factors that 
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may modify the general working efficiency of the human organism, the 
ingestion of ethyl alcohol is one of those most open to direct investigation. 
But the problem is many-sided and in a peculiar sense requires concomitant 
lines of research, for while the question may seem clear and apparently 
easy of solution, it remains a fact that the results which have been reported 
are often at variance with each other. Suggestions have been made else- 
where* to account for the difficulty in harmonizing published results, which 
at times seems an impossibility. 


REQUIREMENTS FOR DETERMINING THE Errect or ALCOHOL. 


There are four considerations which seem to us of prime importance in 
the conduct of alcohol research: (1) exactness in the matter of alcohol 
dosage, (2) provision for suitable control experiments, (3) the liberal dis- 
carding of first or practice results with all untrained subjects, and (4) the 
provision of strictly objective measurement techniques. 

In the first place, the real intensity of the alcohol dose should be known, 
i. e., the factor of dilution must not be neglected. By dilution is meant the 
mixture of the alcohol with other fluids in preparing the experimental bev- 
erage, and likewise the mixture of this diluted alcohol’ with any food and 
fluids which may be in the stomach. If food is taken with the alcohol or 
was taken shortly before the ingestion, it is perfectly obvious that a dif- 
ferent condition of dosage exists from that when the alcohol is taken into 
an empty stomach. In theory this has always been admitted, but very 
vaguely considered in the experimental literature. Until the recent British 
work by Vernon’ and McDougall and Smith,’ there has been only a mini- 
mum of direct experimentation on this problem in which human subjects 
were used and their physiological or psychological reactions measured when 
the alcohol has been taken with and without food. A great deal has been 
written about the influence of various alcoholic beverages and the difference 
in their constituents, other than ethyl alcohol, has been stressed. However, 
pharmacologists seem to agree that it is primarily the ethyl alcohol in these 
beverages which produces the results upon the nervous system. From the 
work of Mellanby,’ it appears probable that the other substances in com- 
mon beverages as well as the presence of food exert their chief influence by 
modifying the rate of absorption of alcohol through the walls of the stomach. 
The real intensity of the alcohol dose employed in any instance is thus not 
indicated by simply stating the number of cubic centimeters of absolute 
alcohol ingested, for aside from the minor and quite temporary influence 
upon the mucous membrane of the mouth? and the lining of the stomach, 
it is the alcohol that passes from the stomach into the circulation and body 
tissues that acts as the effective agent in producing any change in the 
functional activity of the organism. 


@ Miles, Carnegie Inst. Wash. Pub. No. 266, 1918, p. 7. 

» It ig not common to take the alcohol wholly undiluted, but an instance of this is the research 
of Lange and Specht (Zeitschr. f. Pathopsychol., 1915, 3, p. 155), who permitted some of 
their subjects to take 40 c. c. of absolute alcohol in a 99 per cent solution. See their page 
203. 

© Vernon, Med. Research Com., Sp. Rept., Ser. No. 34, London, 1919. 

4 McDougall and Smith, Med. Research Council, Sp. Rept., Ser. No. 56, London, 1920. 

¢ Mellanby, British Med. Research Com., Sp. Rept., Ser. No. 31, 1919, p. 20. 

/ Féré, Compt. rend. Soe. biol., 1900, 52, p. 825. 
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The real intensity of alcohol dosage employed in any series of experiments 
may be kept satisfactorily constant by using always the same alcohol dilu- 
tion in the experimental beverage and by having uniform conditions in 
reference to the ingestion of food. Accurate statements should be made 
regarding dosage and conditions. There is also a possibility growing out of 
recent chemical-physiological work of determining the amount of alcohol 
present in the body fluids by taking samples of blood or urine at various 
intervals following the ingestion and analyzing these samples for their 
alcohol content. In most of the experiments reported in this volume, par- 
ticularly those made from 1919 onward which involve very dilute solutions, 
we have tried to carry out both of these procedures, i.e., (a) to keep the 
dosage and food conditions constant, and (b) to determine the amount of 
alcohol present in the body fluids on the basis of that appearing in the urine. 
Full discussion of the results will be given in the following chapters. 

The second general consideration is the provision of adequate control 
experiments. Alcohol when introduced into the system can not be suddenly 
withdrawn as one might discontinue electrical stimulation or the subjection 
of the individual to the influence of some sort of radiation. The factor has 
been absorbed into the organism and the course of its influence must in 
general be allowed to complete itself. It is known from many studies on 


PRELIMINARY DOSE MEASUREMENTS AFTER DOSE 
CONTROL 3) LA oe 
ALCOHOL ee 
Fic. 1—Diagram Illustrating the Arrangement of Periods of Measurement in Com- 
parable Control and Alcohol Experiments for Isolating the Alcohol Effect. 
the absorption, utilization, and final disposition of aleohol that after a 
single dose it seldom disappears from the body in less than 6 to 8 hours; 
consequently it is not feasible to have an extended normal experiment and 
an alcohol experiment on the same day. One or more preliminary periods 
of measurement should precede the taking of the alcohol dose on any par- 
ticular day. These preliminary data serve as normal for the day, and are 
contrasted with the performance after alcohol but do not form by them- 
selves an adequate base-line for estimating the effect of alcohol. It may 
easily happen that the performance after the preliminary period of measure- 
ment normally becomes improved or, on the other hand, may be poorer. 
It is necessary to make blank or control experiments, in which the pre- 
liminary periods, the dosage (aside from alcohol), the duration, and the 
general conditions are the same as those obtaining in the alcohol sessions. 
The rigid isolation of the effect of alcohol when both control and alcohol 
experiments have been made may be discussed with the aid of a diagram, 
figure 1. The two experiments are represented in two horizontal lines of 
blocks. Each block is a period of measurement and, for simplicity, will be 
considered as one test. Preceding the control dose the test is given twice, 
blocks 1 and 2. Following the control dose, it is repeated at intervals repre- 
sented by blocks 3, 4, 5, and 6. Similarly, periods of testing preceded and 
succeeded the alcohol dose. Actually in figure 1 the alcohol data are con-- 
fined to periods 3, 4, 5, and 6 following the alcohol dose. The question to 
be determined is whether the data for these periods differ from normal data. 
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There are really three sets of normal data, the preliminary periods before 
alcohol, the preliminary periods before the control dose, and the perform- 
ance after the control dose was ingested. These represent different angles 
for viewing and judging the strictly alcohol performance. A statement of 
the effect of alcohol should take the whole picture into account. 

The computation is simple and is as follows: Periods 1 and 2 of the con- 
trol experiment are averaged. This average is compared with the individual 
values for periods 3 to 6 after the control dose by deducting the average 
from the value obtained in each of these periods. In the same manner, 
periods 1 and 2 before alcohol are averaged, and the average is deducted 
from each period following the alcohol. The result is two sets of com- 
parisons or differences between preliminary and after dosage performances. 
One set of differences, i. e., those from the control experiments, is normal or 
basal. These are therefore deducted algebraically from the alcohol dif- 
ferences. The result represents in units of the particular measurement the 
change produced by the alcohol factor. For computing this change in terms 
of percentage, the general average of periods 1 and 2 (control) and of 
1 and 2 (alcohol) is used as a basis. 

Working ability is unavoidably different from day to day, so that each 
subject should ideally serve more than one control day and more than one 
alcohol day after having become somewhat habituated to the experimental 
routine. The third requirement, and one, we feel, which is of great impor- 
tance if the true alcohol effect is to be carefully isolated, is the avoidance 
of too great economy in the number of experiments performed. Our alcohol 
experiments each require the greater part of a day, and as they take the 
time of a subject, experimenter, and an assistant, they are expensive, but, 
at least with human subjects, it is necessary to make them in considerable 
“number. At the beginning of the series with any untrained subject, many 
other factors due to the novelty of the laboratory conditions are as likely 
to produce measurable changes as is the alcohol. It is absolutely essential 
that the subject be given some initial practice. This must be liberal and 
should include at least the first control and the first alcohol experiments. 
These should be carried out, however, with the regular routine and in every 
way as if the data were to be used or in fact were to be the only data 
available. But after the completion of the experiments the results, if cal- 
culated, should be discarded unless of course the process of learning is itself 
the measurement under consideration. If, then, the results of the first days 
are discarded and the subject is subsequently measured on each of two or 
more control and alcohol days, trustworthy evidence may be expected. It 
is futile to think that he will not improve in the tests throughout the series 
of experiments. For this reason it is advisable that of those experiments 
which are to be finally considered for estimating the alcohol effect, one or 
more controls should come at the first and also a control experiment at the 
end of the series. uA 

The fourth consideration, which has been much stressed at the Nutrition 
Laboratory in connection with alcohol researches, is that of providing thor- 
oughly objective measurement techniques covering a wide range of neuro- 
muscular processes. This point was strongly emphasized throughout the 
publication of Dodge and Benedict, is frequently referred to in the present 


6 ALCOHOL AND HUMAN EFFICIENCY. 


report, and is too obvious to need extended discussion. The description of 
techniques to follow in this chapter, as well as the presentation of experi- 
mental results in later chapters, will testify to the importance which the 
author attaches to this matter of strictly objective evidence on the alcohol 
problem. 

In planning the researches reported here, constant attention has been 
given these four important features, which appeal to us as the main re- 
quirements for determining the influence of alcohol on psychological and 
physiological processes with human subjects. 


OUTLINE OF STUDIES. 


All the alcohol experiments reported in this monograph were made in the 
psychological laboratory of the Nutrition Laboratory in Boston. In 1914 
the author repeated a series of experiments on a medical student used in 
the alcohol research of Dodge and Benedict’ and in his publication of the 
results’ supplemented the earlier report in various ways. Typewriting was 
later chosen as an important and regular occupational task which could be 
profitably studied in connection with alcohol. Typewriting lends itself 
better than most skilled work to a clear-cut separation of speed and accu- 
racy, and the factor of difficulty is under control. Sets of typewriting tasks 
were carefully prepared, and these, with other neuro-muscular tests, were 
used on a group of trained typists. The work was done in 1914-15. It 
was expected at that time to report the typewriting results independently 
and to continue research in the alcohol field, taking up the problem of dilu- 
tion and working especially with very weak solutions. Many interruptions, 
notably the extensive low-diet research conducted at the Nutrition Labora- 
tory,’ delayed the execution of this plan. Work with dilute beverages was 
not begun until 1919, and then was discontinued for a year because of 
absence of the investigator for several months in Europe. The different 
series of experiments are therefore not closely consecutive, nor are they 
always closely related to each other. But the series are similar in that all 
are studies of the physiological and psychological effects of ethyl alcohol, 
much the same techniques have been employed, and the same capable labo- 
ratory technician, Mr. Edward §S. Mills, has helped with the measurements 
throughout. The final alcohol results for each series have been computed 
recently, i. e., each series has been made more or less independently without 
quantitative knowledge of the alcohol effect in the experiments which may 
have preceded it. A change of academic position necessitates the dis- 
continuance of the author’s work on alcohol problems at the Nutrition 
Laboratory, and it seems advisable to publish these studies together in 
chronological order. The series have been numbered for convenience and 
are briefly described. The data are given in the same chronological order 
in succeeding chapters, and the way these data substantiate each other 
and make clear the general picture for the alcohol effect will appear there. 

I. Influence of alcohol on efficiency in typewriting and on the performance 
of simpler related acts——Five young men, all trained typists, acted as sub- 


* Dodge and Benedict, Carnegie Inst. Wash. Pub. No. 232, 1915, p. 55. See footnote. 
> Miles, Carnegie Inst. Wash. Pub. No. 266, 1918. 
* Benedict, Miles, Roth, and Smith, Carnegie Inst. Wash. Pub. No. 280, 1919. 
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jects. Each man served on six different days. The first was control, the 
second alcohol, and the results of these two experiments were discarded. 
The third and sixth days were control days, the fourth with 30 c. c. of 
alcohol (dose A), and the fifth day with 45 c. c. of alcohol (dose B). The 
alcohol was taken without food and on an empty stomach. The details are 
given in table 1, page 33. The experiments were continued for 4 hours 
after the alcohol was taken. Typewriting tests of varying difficulty were 
used, and in the discussion of the results special attention is given to the 
accuracy and legibility of the typewriting after the ingestion of the alcohol. 
A variety of psychological measurements were made in the intervals 
between the periods of typewriting. For discussion of the results of this 
series, see Chapter II, pages 29 to 95. 

Il. Repetition series of typewriting experiments—These were divided into 
two parts: 

(A) Two series of experiments were made on one typist to find if the 
subject would demonstrate substantially the same effect of alcohol in a 
duplicate series. The dosage and food conditions were the same in both, 
but in one case the experiment continued 3 hours and in the other 5 hours. 
For discussion of the data obtained, see Chapter III, pages 96 to 102. 

(B) Two series of experiments were made on each of two subjects, the 
dosage and general conditions being the same, except that in the second 
series the alcohol was taken very shortly after a full meal eaten at the 
Laboratory. This arrangement was specifically to measure the influence of 
food on the effective intensity of the alcohol ingested. The results are 
discussed in Chapter III, pages 102 to 110. 

III. Effect of dilute alcohol given by rectal injection during sleep—One 
man, a medical student, was given a series of psychological tests for an hour 
and a half in the evening. During the night, while he was in a respiration 
chamber, a 500 c. c. solution, containing 37.5 grams of alcohol (7.5 per cent 
by weight) diluted with water to the required amount, was given by 
rectal injection while the subject was asleep. In the morning, about 6 hours 
after the injection and before the taking of food, the subject was again 
carefully tested in the psychological laboratory. Three control and three 
alcohol experiments were made. The evening results are contrasted directly 
with those obtained in the morning. The metabolism of the subject was 
measured during the night, and standard electrocardiograms were fre- 
quently taken to ascertain the effect which the alcohol might have on the 
heart during sleep. For discussion of the results of series III, see Chapter 
IV, pages 111 to 124. 

IV. Effect of very dilute alcohol (2.75 per cent by weight) on a trained 
subject.—This large group of experiments may also be divided into two 
re Five series of experiments were made, in each of which there were 
several control and alcohol days. The amount of alcohol ingested was 
always the same (27.5 grams) and was taken with the same degree of 
dilution (2.75 per cent by weight). _Various beverages were used as Lae 
tants, these being water, beer substitute, grape Juice, and cider. A ue : 
variety of neuro-muscular tests were employed, in all of which the Bu ieee 
had had much previous practice. Urine samples were regularly collecte 
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at half-hour intervals and analyzed for alcohol content, so that the relative 
amount of alcohol in the body fluids might be correlated with the intensity 
of the alcohol effect. A standard amount of food was always taken a cer- 
tain length of time (2 hours) prior to the ingestion of the 1-liter dose. The 
control days duplicated the content and volume of the alcohol dose in each 
series, except for the omission of the alcohol. The periods in each experi- 
ment were 30 minutes in length and 6 in number; 1 and 2 were preliminary, 
3, 4, 5, and 6 followed the dose. The data obtained are discussed in Chapter 
V, pages 125 to 180. 

(B) In 11 series of experiments with the same trained subject, a standard 
dose was used of 27.5 grams of alcohol diluted with grape juice and water 
to a total volume of 1 liter. These tests included experiments (1) with 
standard conditions as shown in (A); (2) with subject in post-absorptive 
condition taking the standard dose; (3) with prolongation of period of 
ingestion; (4) with standard dose and an additional one-half liter taken in 
small portions; (5) with standard dose and an additional 900 c. c. taken 
in small doses; (6) with a double standard dose but the same conditions 
as in (A); (7) with one-half liter of water taken 1 hour before the alcohol; 
(8) with one-half liter of whole milk taken 1 hour before the alcohol; 
(9) with one-half liter of water taken 1 hour after the alcohol; (10) with 
one-half liter of whole milk taken 1 hour after the alcohol; (11) with 
periods of moderate muscular work, alternated with periods of psycho- 
logical measurements. In all cases 15-minute periods were used and urine 
samples were obtained with like frequency. There were 2 preliminary 
periods and 14 periods following the dosage; the total 16 periods with the 
interval for ingestion thus required about 444 hours. The alcohol in the 
urine was determined and the concentration curves thus obtained are 
compared with the data showing the effect of alcohol on the various 
measurements. The results of the experiments in these 11 series are dis- 
cussed in Chapter V, pages 180 to 203. 

V. Effect of very dilute alcohol (2.75 per cent by weight) on a group 
of young men.—These experiments were conducted primarily to determine 
if the results that had been obtained with the trained subject could be con- 
sidered as typical of the effect of aleohol under these conditions of dosage 
and dilution. The young men, principally medical students and used to 
moderate amounts of alcohol, served in two preliminary experiments. In 
the first, 27.5 grams of alcohol were diluted with grape juice and water to 
a total volume of 1 liter, and in the second the same weight of alcohol was 
diluted to 100 c. c. with grape juice and water. Venous-blood samples and 
closely following urine samples were taken at various intervals during these 
two experiments. The subjects were given intensive practice in the different 
psychological measurements, but all of the psychological results in the 
preliminary days were disregarded when the effect of aleohol was computed. 
On four succeeding days with each subject, six 30-minute periods, two pre- 
liminary and four following dosage, were used and only urine samples were 
taken with the regular neuro-muscular measurements. The standard dose 
of 27.5 grams of alcohol diluted with grape juice and water to 1 liter was 
ingested on two of these days (the fourth and fifth). On the other days the 
same quantity of grape juice and water served as a control dose. The 
alcohol content of the urine samples was determined in order to compare 
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the intensity of the alcohol effect with these data on the effective intensity 
of the alcohol dosage. The comparison of the alcohol concentration in the 
blood samples and in the urine samples obtained on the preliminary days 
makes possible statements of the availability of such urine samples for 
use in alcohol experimentation. For discussion of the results of series V 
see Chapter VI, pages 204 to 260. 

From this outline it will appear that we have endeavored to take careful 
account of the effectiveness of the alcohol dosage selected for experimenta- 
tion. In our early work this has been done by defining and controlling the 
conditions surrounding the dosage. In the later series we have added to 
our data the very important comparison results showing directly the alcohol 
content of the body fluids at the time when the effect of the alcohol on the 
nervous system was measured. We have included in this study a liberal 
number of control experiments, so that, except in the series with the trained 
subject in which 15-minute periods were used (see p. 180), there are as 
many control as alcohol experiments. And finally, with all untrained 
subjects the results for the first two days of experimentation have been 
completely discarded, although the tests were carried out with conscientious 
care and completeness. This group of studies contributes most distinctly 
to the question of the influence of alcohol taken in very weak solution. 


MEASUREMENTS AND TECHNIQUES. 


Previous alcohol experimentation at the Nutrition Laboratory has 
brought out the fact, which is of course observable in some other investi- 
gations, as well as in everyday life, that the effect of alcohol is character- 
istically shown in motor functions. In planning the researches to be 
reported in the following chapters, we have continued to use several of the 
measurements which served in the investigation conducted by Dodge and 
Benedict, but, in view of the results which they obtained, it seemed desirable 
that the range of measurement should be supplemented more especially as 
to motor coordinations. Our study has therefore become chiefly one upon 
the effect of alcohol on motor control, with special attention given to the 
use of measurements which make possible the collection of data as to the 
influence upon the adequacy and accuracy as well as speed of motor 
coordination. 

The variety of objective tests or indicators which have served in our 
various experimental series may be listed as follows, with additional state- 
ment as to the individual studies in which the different measurements were 
made. The Roman numerals used for designating the various studies are 
the same as those employed in the previous section. A description of each 
technique is subsequently given. 


PHysrtoLoGicAL MBASUREMENTS. 
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PsycHOLOGICAL MEASUREMENTS. 
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PHYSIOLOGICAL MEASUREMENTS. 
MEASUREMENT OF Heart ACTION. 


Three methods have been used for recording the pulse or heart-rate: (1) 
counting radial pulse at the wrist; (2) counting from a stethoscope placed 
over the apex of the heart; (3) recording photographically by the use of 
the string galvanometer, with body-leads worn below the axilla. The first 
two methods need no special description. The counts for (1) came after the 
subject had been sitting well relaxed in a steamer chair for several minutes, 
and were timed by a stop-watch. The routine consisted of a count of 20 
pulse-beats and a series of three or more counts. The average of these three 
counts was considered as the pulse-rate for that period. ‘The counts were 
all made by the same individual, who used two or three stop-watches, so 
that the time readings could be checked by an assistant. The results are 
given in beats per minute and are discussed on pages 178 and 225. 

When the heart-rate is measured by the electrical method with a string 
galvanometer, no attention is given to the character of the record, but only 
the duration of the heart cycle is considered, and it is most convenient to 
measure from R to R. Condensers are used when taking such records, so 
that no compensation is required for change in skin current. Such records 
of the heart-rate have the advantage that they can be taken when the sub- 
ject is active, and this method was accordingly found useful in the type- 
writing experiments. The body electrodes were small and flexible and never 
irritated the skin or gave discomfort. They were put on at the beginning 
of the session and worn constantly for the 4 or 5 hours of the experiment. 
The fact that the typewriter on which the subject’s fingers were playing 
was wired with a direct current of 110 volts gave some difficulty for a time. 
Even during the experiments there were a good many records when the 
galvanometer string showed some agitation as a result of the fingers touch- 
ing keys which were charged, but for the most part the records were quite 
uniformly legible, so that the pulse-cycles could be measured with accuracy. 

The “tetanus pulse” was also measured by the string galvanometer with 
the subject of the rectal feeding experiments, the records being taken con- 
tinuously when the man was at first sitting quietly, then vigorously active 
(supporting his whole weight in chinning a bar) and in the recuperative 
period of 30 seconds following this activity. A discussion of this type of 
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measurement, with illustrative records, is given in previous publications." 
The conditions and special technique for the standard electrocardiograms 
which were used with the subject of the all-night experiments with the 
rectal feeding of alcohol are given in Chapter IV, page 119. 


Skin TEMPERATURE. 


The change in the temperature of the skin following the ingestion of 
alcohol is commonly spoken of as an effect of the drug. While there has 
been much dispute as to the effect of alcohol on the pulse-rate and the 
blood-pressure, the vascular dilation effect on the peripheral blood-vessels 
has been admitted without question.” With those habitually used to taking 
large amounts of alcohol or large volumes of alcoholic beverages, this dila- 
tion becomes chronic, with a resultant flushing, particularly of the face. 

The effect of alcohol upon the peripheral blood-supply as indicated by 
subjective appearances of warmth and changes in the color of the skin 
merits direct experimental study with an adequate technique for measuring 
skin temperature. As the Nutrition Laboratory had a very simple tech- 
nique for such measurements, previously developed by Dr. Benedict and 
used by him extensively in experiments as yet unpublished, the opportunity 
was taken of adding this measurement to our study of dilute beverages. 
The technique has been described.* The essential scheme of the apparatus 
is a copper-constantan junction, one end of which is kept in a constant- 
temperature bath—a Dewar flask filled with liquid at approximately 34° C. 
The other end, in the form of a hairpin, may be applied to the skin. A 
sensitive galvanometer is in series with the thermo-couple. The deflections 
were each day standardized by placing the hairpin portion of the thermo- 
couple in a second flask with a given temperature difference of approxi- 
mately 5° between the two flasks. As applied for the measurement of the 
skin temperature, the hairpin junction is mounted in a rubber handle and 
one side is protected by cotton. The junction is applied to any portion of 
the skin for approximately 6 to 8 seconds before the galvanometer reading 
is made. This is sufficient time for it to reach the temperature level of the 
skin and too short a time for much building up of temperature from below. 
The results are entirely satisfactory for comparative purposes. 

Measurements of the skin temperature were used only in the last study, 
that with the group of young men taking doses of very dilute alcohol. The 
results are discussed on page 231. 


MesASuREMENT OF MerasBoLisM. 


A minor amount of data was collected regarding the metabolism after 
alcohol ingestion. The subject of the all-night experiments with rectal 
feeding of alcohol was measured by Dr. Carpenter in the clinical respiration 
chamber.? Only the results for the oxygen consumption are published. 


(See p. 121.) 


% Miles, Carnegie Inst. Wash. Pub. No. 266, 1918, p. 92. Benedict, Miles, Roth, and Smith, 
Carnegie Inst. Wash. Pub. No. 280, 1919, pp. 151 and 415. 

’ D’Abernon, Alcohol: Its action on the human organism. New York, 1918, p. 78. - 

¢ Benedict, Miles, Roth, and Smith, Carnegie Inst. Wash. Pub. No. 280, 1919, p. 78; also Bene- 
dict, Miles, and Johnson, Proc. Nat. Acad. Sci., 1919, 5, p. 218. 

4 Benedict and Tompkins, Boston Med. and Surg. Journ., 1916, 174, pp. 857, 898, 939. 
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In experiments on the trained subject with alcohol much diluted with 
various substances, the metabolism was measured approximately 3 hours 
after the ingestion of the drug. The first form of the Benedict portable 
respiration apparatus was used for determining the oxygen consumption in 
successive periods while the subject was reclining in a steamer chair. The 
technique for this apparatus has been fully described in a previous publi- 
cation of the Carnegie Institution.* The results of the metabolism measure- 
ments are discussed on page 177. 


URINE AND Bioop SAMPLES. 


In the studies with very dilute alcohol made with the trained subject and 
with the group of young men, urine samples were regularly collected at the 
end of the last preliminary period and following each period after the 
control and alcohol doses were ingested. The volume of these samples was 
always carefully noted, so that comparison could be made of the diuresis 
following alcohol with that following the ingestion of the control solution. 
Samples that followed the alcohol dose, as well as some of those that were 
collected after the control dose, were analyzed to determine the alcohol 
content. The analyses were made by the Widmark-Nicloux method as 
modified and used in the Nutrition Laboratory.” These data on the alcohol 
content of the urine are compared with the intensity of the alcohol effect 
shown by the various measures. In the series with the young men using 
doses of very dilute alcohol, samples of venous blood were also taken in pre- 
liminary experiments to ascertain the actual relationship between the 
alcohol appearing in the urine as compared with that in the blood. Full 
discussion of this problem and of the evidence of the utility of the urine- 
alechol results in such physiological and psychological experiments is given 
in the consideration of the data. (See pp. 211 and 261.) 


PaTELLAR REFLEX. 


The method of measuring the patellar reflex was somewhat more simple 
than that previously used and described,’ although the same general tech- 
nique was employed. While the subject reclined in a steamer chair, a 
light lever system was attached over the quadriceps muscle of the left leg, 
with the foot resting on the floor and the knee flexed at approximately a 
right angle. After the apparatus had been adjusted to a suitable height,’ 
and the intensity of blow most satisfactory for stimulating the reflex of that 
particular subject had been determined, conditions were kept as nearly 
constant as possible throughout the series of experiments. The pendulum 
hammer was released by hand at intervals of 5 seconds, and 25 to 30 
reflexes were recorded. This measurement was used in but one study (that 
with the group of young men taking dilute alcohol) and only the reflex 
amplitude was measured. The results are discussed on pages 235 to 238. 


* Benedict, Boston Med. and Surg. Journ., 1918, 178, p. 667; also, Benedict, Miles, Roth, and 
Smith, Carnegie Inst. Wash. Pub. No. 280, 1919, p. 82. 

» Miles, Journ. Pharm. and Exp. Therapeutics, 1922, 20, p. 265. The essentials of this modified 
method are also explained in Chapter VI, p. 210. 

© Benedict, Miles, Roth, and Smith, Carnegie Inst. Wash. Pub. No. 280, 1919, p. 155. This 
technique is the same as that used by Dodge and Benedict (Carnegie Inst. Wash. Pub. No. 
232, 1915, p. 36), with some modifications. 

4 Benedict, Miles, Roth, and Smith, loc. cit., p. 160, fig. 33. 
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Protective Lip REriex. 


The regular stimulus in the measurement of the protective lid reflex was 
a sound caused by the snapping of a spring against a sounding board placed 
near the subject. The recording was by Dodge’s well-known photographic 
method, by which the shadow of the eyelash is made to record on a hori- 
zontally moving plate.* A small strip of black paper, 1 by 16 mm., was 
attached to the left lid to intensify the shadow cast by the eyelash. This 
paper commonly remained in place continuously throughout the session, 
unless accidentally brushed off. The recording photographic light was 
interrupted by a tuning-fork arrangement, so that the time ordinates 
appeared directly on the photographic record.’ 

Voluntary winking tends to complicate these records of the protective lid 
reflex. It has been shown that this voluntary winking modifies the latency 
of the reflex and influences the amplitude of the reflex.’ In accordance with 
the method employed in previous researches with this measurement at the 
Nutrition Laboratory, two sound stimuli were used, the object being to 
obtain data on the reflex when taken during the relatively refractory period. 
The experimenter can, by close attention, release the camera and stimulus 
apparatus at a moment when the subject appears to be free from voluntary 
winking. Thus the first reflex will be uncomplicated by the winking. The 
second reflex is, however, so frequently disturbed by this factor that the 
results for the primary reflex only are used in the discussion. The latency 
of the reflex was measured in 0.001 second from the photographic record 
which contains time ordinates in 0.01 second. The heights are given in 
millimeters and represent a magnification due to the artificial eyelash. 

The lid reflex was used in three of the researches, the two typewriting 
studies and the study with the rectal injection of alcohol. The discussion 
of the results obtained are given on pages 77 and 116. 


PsycHoLoGicaL MrASUREMENTS. 


Eye REActTIoNs. 


The measurement of the eye reactions was made in but two studies, that 
in which the rectal injection of alcohol was used and the study with the 
trained subject. In the former, the technique was similar to that described 
by Dodge and Benedict,’ these reactions in turning the eye to a new point 
of regard being registered photographically. All measurements were made 
with the right eye. The technique was modified by mounting the stimulus 
mark in an eccentric position on a disk which was rotated to six different 
axial positions. The stimulus mark was thus always the same distance 
from the fixation mark. The dropping of the shield which exposed a new 
stimulus position also allowed a recording beam of light to fall upon the eye. 

The technique with the trained subject was the same as that used in a 
low-diet research previously made by the Nutrition Laboratory.’ In this 


@ Dodge and Benedict, Carnegie Inst. Wash. Pub. No. 232, 1915, p. 58; Miles, Carnegie Inst. 
Wash. Pub. No. 266, 1918, p. 28. ; » ; ; 
» See illustrative records, Dodge and Benedict, loc. cit., p. 60; Miles, loc. cit., p. 55. 
© Miles, loc. cit., p. 56. 
4 Dodge and Benedict, Carnegie Inst. Wash. Pub. No. 232, 1915, p. 78. 
‘Benedict, Miles, Roth, and Smith, Carnegie Inst. Wash. Pub. No. 280, 1919, p. 159. 
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research the Dodge technique was further modified, so that the subject 
looked at a light fixation mark in the center of a dark field. The stimulus 
was applied by the sudden illumination of another point in this field, which 
might be on any one of several axes or at various distances from the central 
fixation mark. The natural tendency would be to look at the point thus 
illuminated. The photographic beam of light fell on the eye of the subject 
at the same moment that the new light appeared and the time counted from 
the photographic plate was from the beginning of the illumination until 
the moment the eye of the subject began to turn toward it. The time unit 
of the record was 0.01 second; the results are given in 0.001 second. The 
discussion of the data obtained for the measurement of the eye reaction 
may be found on pages 117 and 162. 


Worp REAactTIons. 


The subject was required to read common 4-letter English words as 
quickly as possible after each was exposed separately. He spoke the words 
into a voice-key tube, and the accuracy of the reaction was constantly 
’ checked by the experimenter. The technique was the same as that described 
by Dodge and Benedict’ and by Miles.” The same series of words was used 
over and over, but rearranged each time, so that the subject had no possible 
way of anticipating the order of exposure. Both exposure and reaction 
were indicated by the same Deprez marker, recording on a rapidly moving 
kymograph drum. Sharp, distinct pronunciation was insisted upon; the 
results obtained are believed to be very consistent and trustworthy. This 
measurement was used only in the two typewriting studies. The data 
obtained are discussed on page 87. 


Sensory THRESHOLD FoR ELEcTRIC SHOCK. 


The technique used for taking the electric threshold was the same as that 
previously employed in the low-diet research carried out by the Nutrition 
Laboratory and has been fully described in an earlier publication.° By 
employing a direct current and a continuously acting Lucas pendulum con- 
structed at the Nutrition Laboratory, shocks of approximately threshold 
intensity were given to the finger-tips of the subject. A resistance of 200,000 
ohms was in series with the fingers. The introduction of this high resistance 
rendered fluctuations in skin resistance of no consequence. The duration of 
the shock, about 0.0035 second, was kept the same in all tests, but the 
voltage was altered, and the threshold value was found in terms of voltage. 
Usually the first and second fingers of the right hand were tested, these 
being immersed in salt solution to a depth of 2 cm.; the electrodes were of 
the non-polarizable type. Any slight abrasion of the skin caused the 
electric shock to be felt sharply as pain rather than as a dull throb or 
muscle-twitch which is the characteristic sensation. The shocks were given 
periodically about 2.5 seconds apart, and occasionally blanks were intro- 
duced. The subject responded by pressing a key when he felt the shock. 
The measurement of the electric threshold was used in the study with 
rectal injection of alcohol, and also with the trained subject. A discussion 
of the results is given on pages 116 and 165. 


2 Dodge and Benedict, Carnegie Inst. Wash. Pub. No. 232, 1915, p. 90. 
® Miles, Carnegie Inst. Wash. Pub. No. 266, 1918, p. 62. 
* Benedict, Miles, Roth, and Smith, Carnegie Inst. Wash. Pub. No. 280, 1919, p. 176. 
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VisuaL Acuity. 


The measurement of visual acuity was made with the same two subjects 
as that of the sensory electric threshold. With the trained subject it was 
used in but one series, the electric threshold being substituted in the subse- 
quent tests. The visual acuity was measured by means of an Ives-Cobb 
visual acuity object, which was placed at the end of a dark hood, 170 cm. 
from the eye of the subject, and viewed through an artificial pupil 3 mm. 
in width. The method of use is fully described in a previous publication. 
Briefly, a series of alternating dark and light bands can be made so small 
as to be indistinguishable, or so large that one or two bands occupy the 
whole field. In the test, the bands are gradually increased in width until 
the subject recognizes the presence of bands and can state the axes at which 
they point. But one eye is tested, in this case always the right eye. The 
results of this test of visual acuity are discussed on pages 116 and 165. 


TYPEWRITING. 


A standard commercial typewriter was provided with electrical circuits, 
so that distinct records of the movement of the printing-keys, the space-bar, 
and the carriage shift were produced on a kymograph rotating at a fairly 
rapid speed. Time records were incorporated in this graphic tracing of the 
typewriting performance; the various features of the record could thus be 
accurately measured. Full details of this technique are given in connection 
with the discussion of the results of the two typewriting series of experi- 
ments. (See pp. 38 to 42 and figs. 8 and 9.) 


Eye MoveMents. 


The speed of eye movement was measured in all of the five studies except 
that with the group of young men using very dilute alcohol. The technique 
in the two series of typewriting experiments and in the study in which the 
alcohol was given by rectal injection was the same as that used by Dodge 
and Benedict” and by Miles,’ and is full described by them. According to 
this method, the velocity of horizontal eye movements between two fixation 
points’ separated by 40 degrees on the subject’s arc of vision was recorded 
photographically by a soft beam of blue light reflected from the right eye, 
while the left eye was covered. The durations of the adductive and abduc- 
tive movements were measured separately, the time unit of measurement 
being 0.01 second and the results are given in 0.001 second. Accuracy in 
moving the eye the full distance between the points was emphasized in the 
instructions to the subject. Discussions of the results obtained in these 
studies with this measurement may be found on pages 83 and 117. 

_ In the tests with the trained subject, a later modification of the technique 
was used, which has been described with illustrative records in reporting 
the low-diet investigation’ made by the Nutrition Laboratory. According 
to this modified routine, a metronome was set at 100 beats per minute, the 
subject shifting the point of regard with each stroke of the metronome. 


@ Benedict, Miles, Roth, and Smith, Carnegie Inst. Wash. Pub. No. 280, 1919, p. 169. 

> Dodge and Benedict, Carnegie Inst. Wash. Pub. No. 232, 1915, p. Wake 

€ Miles, Carnegie Inst. Wash. Pub. No. 266, 1918, p. 28. ; 

4 Tn the technical literature this kind of eye movement is known as the ‘‘saccadic’”’ type. See 
Dodge, Psychol. Bull., 1916, 13, p. 422. 

¢ Benedict, Miles, Roth, and Smith, Carnegie Inst. Wash. Pub. No. 280, 1919, p. 184. 
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The time unit in the record was 0.004 second, with the results given in 0.001 
second. Two records were made on one plate in each period. As the cor- 
rective movements were very small with the trained subject, they were neg- 
lected in recording the results, since there appeared to be no difference 
between the control and alcohol measurements in this respect. The eye- 
movement data obtained with the modified technique in this study with the 
trained man are discussed in Chapter V, pages 149 and 183 et seq. 


Fincer MoveMeEnts. 


The measurement of the finger movements was the only neuro-muscular 
test used in all of the five studies included in this report. It was the 
easiest and most quickly performed measurement. The technique varied, 
however. In the earlier observations (the two typewriting studies, and the 
study by rectal injection) the method was the same as that employed by 
Dodge and Benedict.* The subject rested his forearm on a stand of suitable 
height and lightly grasped a vertical post to give his hand and arm a com- 
fortable position, which was relatively free from swaying movement. A 
very light lever system was attached by means of a small rubber band to 
the middle finger and communicated the motion to a thin vertical arm 
which cast its shadow across the slit of a continuous-paper photographic 
camera. The movements were thus recorded photographically, and the 
heart-rate was usually taken simultaneously with the string galvanometer. 
There were no artificial stops for the finger movements, and the subjects 
were encouraged to use the amplitude of oscillation which best suited them, 
and made possible their maximum speed. The test continued for not more 
than 8 seconds. 

In the later studies, a modified technique was used in which tracings on 
a kymograph were substituted for the photographic records. A time record 
was directly incorporated with the finger-movement tracing. The pro- 
cedure has been fully described in the report of the low-diet research, in 
which it was used.” The oscillations were continued at maximum speed for 
about 12 seconds. The kymograph moved at the rate of 50 mm. per second, 
and the oscillations could be readily counted. The discussion of the 
measurements of the speed of finger movement obtained in the various 
studies is given on pages 81, 117, 141, 183 et seq., and 248. 

There now follow the techniques for four measurements which have never 
been described in any publication of the Carnegie Institution, and they are 
therefore given with considerably more detail. Three of these—the pursuit 
pendulum, the pursuitmeter, and the station test—have been developed since 
the publication of the psychological techniques given in the low-diet research 
report. They were devised as a result of tests of prospective aviators and 
were especially planned for use in alcohol research. 


Discrete Hye-Hanp Coorpination Wits Pursurr Panpvutum. 


In the typical psychological reaction experiment, the subject endeavors 
to produce a certain motor change following as quickly as possible a certain 
stimulus change. The essential feature of the motor response is its initia- 


* Dodge and Benedict, Carnegie Inst. Wash. Pub. No. 232, 1915, p. 168; Miles, Carnegie Inst. 
Wash. Pub. No. 266, 1918, pp. 26 and 84. 


'Benedict, Miles, Roth, and Smith, Carnegie Inst. Wash. Pub. No. 280, 1919, p. 186. 
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tion rather than its amplitude and the factor that is measured is the interval 
which elapses from the stimulus change until the beginning of the motor 
change. An example of this is the reaction of the eye turning in the direc- 
tion of a stimulus (some flash or movement) which occurs in the peripheral 
visual field. This is a natural reaction in the everyday behavior of the 
organism. Under laboratory conditions we are interested in measuring the 
duration from the moment of stimulus change until the moment when the 
eye begins to turn in the direction of the stimulus. It is obvious in this 
case that the eye must not only turn in the direction of the stimulus, but 
continue to move until the object which acted as a stimulus is seen in clear 
vision. If the object itself moves, then the eye performs what is called a 
pursuit movement, endeavoring to match the eye movement exactly to the 
progress of the stimulus. 

A pursuit movement, therefore, is at the beginning composed of a reac- 
tion, followed by a series of what we may term anticipatory reactions. If 
the stimulus object is moving at varying rates of speed as would be executed 
by a pendulum, the reaction changes of the eye will be more frequent than 
with a steady rate of speed. Like the typical reaction movement, the pur- 
suit movement as a complex of simpler motor patterns, could be represented 
by the time value which separates it from the other object pursued, but 
there is also the added consideration of whether the pursuit lags behind or 
at times is in advance of the moving object. The simple reaction of the 
laboratory is an arbitrary situation which is taken out of its natural setting 
as it occurs in common behavior. Such a reaction is usually only the be- 
ginning of a coordinating movement towards some end or of a series of such 
coordinations, and the adequacy with which the series of coordinations or 
extended reactions is carried through is fully as important as the mere mat- 
ter of quickness in initiating them. There are many situations in every- 
day life where one must react to moving rather than essentially stationary 
objects. These moving objects set a pace or pattern for the reaction of the 
subject, and this calls for a particular speed and amplitude of adjustment. 

As a simple means for providing a test of the adequacy of single pursuit 
movements, we have developed the pursuit pendulum.* Its present non- 
complicated form was to facilitate its use outside the laboratory. The 
essential scheme includes a pendulum, carrying a reservoir filled with water 
which is allowed to flow out from the lower extremity as the pendulum 
swings. The individual under observation attempts to catch the water in 
a cup of limited diameter, using a separate cup for each double swing. 

The schematic arrangement is shown in figure 2. From a stout bracket 
which extends about 45 cm. from the wall, a pendulum, 6, 140 cm. long, 
made of galvanized iron pipe, 13 mm. inside diameter, is suspended by two 
hooks. The shaft of the pendulum passes through the reservoir, which is 
firmly secured to it and made leak-tight. Openings are made in the pipe- 
shaft on a level with the floor of the reservoir and air-vents placed above 
in the shaft. The water in the reservoir thus flows freely and at the lower 
end is reduced by the small nozzle, h, to a stream 3 mm. in diameter. As 
the reservoir is placed about midway the length of the pendulum, the head 
of water changes but slightly with the decreasing level in the can. A 4-kg. 


* Miles, Psychol. Rev., 1920, 27, p. 361. 
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weight provides a fairly constant center of mass for the pendulum and 
allows for certain adjustments of its period, which in this case was set at 
2 seconds for a complete double swing. A simple arrangement is provided 
for retaining and releasing the pendulum. This is clamped at one end of a 
sink, over which the pendulum is supported. The nozzle h rests on a 
cushion of rubber tubing, 7, which prevents any water from escaping when 
the pendulum is at rest. The nozzle is held in place by a catch k. The 
small rubber-headed hammer J, with hinge at m, is held nearly upright by 
the operator until a signal is given by the subject. The pendulum starts 
its swing 0.3 second after this hammer is released. By this method the 
subject, without psychological training, feels that he is in control, and that 
the pendulum is not being released at an inconvenient time for him. 


Fia, 2—Diagram ef Pursuit 


Pendulum. 


A, wall bracket; B, pendulum carrying 
reservoir H; gauge F determines volume 
of liquid in reservoir; G, adjustable weight, 
regulating period of swing of pendulum; C, 
wooden frame clamped to sink D; nozzle 
H of pendulum held by catch K against 
rubber tubing J until released by fall of 
hammer L, hinged at M; short section of 
chain N determines lift of hammer; O, cup 
of limited diameter, in which the expelled 
liquid is to be collected by the subject 
under test; P, position at which cup O is 
held at start; Q, short-stop for ending the 
catch. 


CENTIMETERS 
— 


20 ~ “ 


The cups in which the liquid is-caught are made of thin-walled brass 
tubing, with an inside diameter of 19 mm. and a length of about 22 cm. 
A cup is held at position p against the wooden frame and about 2 cm. below 
the nozzle h. No water leaks into the cup previous to the release, and with 
quick reaction it is possible to begin the hand movement almost in register 
with the pendulum. A short-stop, g, limits the return movement of the cup 
and allows a distance of 2 cm. in which the operator may catch the pen- 
dulum and return it to its starting position for the next trial with the 
second cup. 

Under standard conditions the pendulum delivers 50 c.c. of water per 
double swing, i. e., a catch of 50 c.c. is possible to the subject. The water- 
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level in the reservoir is commonly adjusted after 10 catches, thus keeping 
the period of the pendulum and the delivery of the water to within 1 per 
cent for successive swings. If the subject collects nearly all the liquid 
expelled, the opening in the cup should be reduced. 

In the tests reported here, the tip of the pendulum moved a horizontal 
distance to the right of 70 cm. The subject sat on a stool in front of the 
sink with his shoulder nearly opposite the point of support of the pendulum. 
The initial movement was made from left to right. There was a certain 
amount of swaying of the trunk as well as movement of the arm during the 
pursuit. The test consisted of 25 trials and could easily be made in 5 min- 
utes. The catch of each cup was measured individually by a float-scale 
arrangement, which was inserted into the cup, and finally the bank of 25 
cups was emptied into an inclined tray which drained into a large graduate. 
On this graduate the total catch of the 25 cups could be read. This catch 
was the sum of the individual readings and is the score which we used in 
recording the data. 

The pursuit pendulum was used in the two studies with very dilute alco- 
hol, i.e., with a trained subject and a group of young men. The results are 
discussed on pages 155 and 248. 


Continuous Eye-Hanp CoorprnaTion Wits PursurrmMerer. 


In the test with the pursuit pendulum, the reactor made a number of 
separate trials, each complete in itself, and thus corresponding to a series 
of the usual reaction tests. The results therefore represent a series of spurts, 
or effort peaks. It is well known that under the influence of alcohol or some 
such similar factor, men often exhibit an ability to pull themselves together 
for a quick or intense motor response and can produce a result which varies 
but slightly from the normal performance.* A continuous task, providing 
few or no opportunities for much relaxation, ought therefore to show the 
more characteristic effect of the factor under consideration. Such a con- 
tinuous test of the pursuit nature has been devised at the Nutrition Labo- 
ratory and termed a “pursuitmeter.” The full description of this apparatus, 
with a comparison of it with similar arrangements known to the author, has 
been published elsewhere.” 

The task required of the subject in this case is that of compensating 
changes in an electrical circuit which are automatically induced by a dis- 
turbing device beyond the control of the subject. Regular commercial elec- 
trical instruments were adapted to the purpose by certain changes, prin- 
cipally in the windings of the field coils. The general scheme of the pursuit- 
meter is shown in the wiring diagram, figure 3. A is a wattmeter of hori- 
zontal edgewise type and zero center scale. This is viewed by the subject 
and is the only part of the apparatus with which he has anything to do. 
It may be termed the stimulator. B and C of figure 3 are two test meters 
for integrating the errors of compensation, B accumulating those errors 
which are allowed to occur on the left-hand side of the zero position of A, 
C accumulating the errors on the right-hand side of the zero position. D is 
a curve-drawing wattmeter with zero center scale which draws with reduced 


@ Dodge and Benedict, Carnegie Inst. Wash. Pub. No. 232, 1915, p. 246. 
> Miles, Journ. Exper. Psychol., 1921, 4, p. 77. 
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amplitude the fluctuations of the needle of A. The field coils in all four of 
these instruments are wound differentially, so that each field has four field 
binding-posts. When equal currents of opposed direction pass through the 
two field windings of an instrument, the two electrical fields thus estab- 
lished neutralize each other so that no movement occurs in the armature of 
the instrument. 
The amperage in one circuit is disturbed by a combination of harmonic 
motions in the induction apparatus H, thus setting the task for the subject 
of compensating these changes by the slide-wire regulator F’, in the other 
circuit. The disturber mechanism is operated by a motor G, with a worm- 
gear reduction for driving the counter-shaft. H and J are a voltmeter and 
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Fia. 3—General Wiring Diagram for Combination of Electrical Instruments Which 
Make Up the Pursuitmeter. 


For explanation of lettering on figure, see text. 


an ammeter, respectively, for standardizing the current in the disturbed 
circuit. These adjustments are made by rheostats J and K, the former 
controlling the speed of the rotary converter L, which at the Nutrition 
Laboratory was necessary to provide alternating current. 

For convenience in manipulating the subject and his surroundings, the 
stimulus wattmeter A and the rheostat regulator F are mounted in one unit 
(see fig. 4), which may be located a considerable distance from the other 
portion of the apparatus. To provide satisfactory visual conditions, a 
screen M, 23 by 34 cm. and faced with gray oatmeal paper, was attached 
to the front of the wattmeter; the scale of the wattmeter behind the curved 
glass was faced with the same material. This has proved to be a comfort- 
able background upon which to observe movements of the diamond-shaped 
needle, which is white, as in the figure. The white line which extends across 


attmeter and Regulator Rheostat. 


fastened to platform K; M, screen; F, 
a subject endeavors constantly to keep the 


Fic. 4—Front View of Stimulus W 


to cakinet L, slide 
the rheostat 


» white zero line, as illustrated. 


Stimulus wattmeter is attached 
By the manipulation of 


rheostat. 
wattmeter needle on the 


VSM ade kkk ald 


Fig. 5—Arrangement of Integrating and Recording Features of the Pursuitmeter. 

The disturber unit is mounted below these and inside the cabinet, which, without disconnecting 
the circuits, may be closed up compactly when not in use. D, curve-drawing wattmeter; J, 
rheostat; VV, switch; B and C, integrating meters; H, voltmeter. 
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the scale is the zero position upon which the reactor tries to hold the needle, 
the ideal position being that shown in figure 4; no other marks appear on 
the scale. Subjects are uniformly instructed to keep the white diamond as 
nearly as possible exactly in register with the white mark. The coordina- 
tion is a natural one, since the slider of the rheostat is to be moved in the 
direction the subject wants the needle to move. The slider on the rheostat 
can be moved with very great ease and delicacy. The compensation is with 
one hand, by a whole-armed movement, that is, without the elbow resting 
on the table. The portion of the sliding member of the rheostat to be 
grasped by the fingers is of large surface and of such shape as to be 
comfortable during long periods of manipulation. Heating never becomes 
troublesome. 

The integrating and recording instruments and also the disturbing 
mechanism are built into a cabinet which is 80 cm. high, 70 cm. wide, and 
40 cm. deep. The upper part of this unit showing the faces of the meters 
and the general arrangement may be seen in figure 5. The curve-drawing 
meter D is located on the top of the cabinet, together with the rheostat J 
and the switch M. The latter connects the potential sides of the integrating 
meters and so starts the test from zero position of the meters as well as 
stops the test for an accurate reading of the meters when desired. The 
integrating meters, B and C, which are known as portable test meters, are 
each fitted with zero set-back arrangements. These instruments are secured 
on the two doors of the cabinet; the dial of each meter is 6 cm. in diameter 
and divided into 100 divisions, easily legible. The moving element is an 
aluminum disk on the vertical shaft; to this a large hand is attached which 
indicates directly each revolution of the shaft. There are two small dials, 
as in usual meters, to record the number of revolutions of the large hand. 

In order that the integrated score should be accumulative, it was neces- 
sary to provide some delicate and effective arrangement allowing each 
meter to turn in one direction only. For this purpose each integrating meter 
was equipped with a small hair-spring ratchet device. On the armature 
shaft was mounted a brass wheel, 12 mm. in diameter, and 1 mm. thick, 
on the periphery of which 300 teeth have been accurately cut. A counter- 
balanced pawl is kept in delicate contact with the periphery of the wheel 
by a hair-spring with adjustable tension. The pawl has but very slight 
backlash. An adjustment was provided so that the zeroizing of the 
integrating instrument would not harm this delicate ratchet device. Since 
the scale on the dial of the test meter is graduated in 100 parts, each part 
corresponds to three teeth on the ratchet wheel. This degree of exactness 
in accumulating the small errors in the compensation of the task is wholly 
satisfactory, as even our best practiced subjects usually allow separate 
movements of the integrating meter of from 2 to 8 divisions on the scale. 

The disturber mechanism is an induction unit with a tapered soft-iron 
core mounted in such a way that the core may be moved vertically in and 
out of the spool on which is placed the winding of something over 1,400 
turns. It is thus relatively permanent and independent of any changes 
from wear in long periods of use. The operation of the disturber can most 
easily be understood from figure 6. The tapered iron core C' is nearly 
counterbalanced by a weight J. It is suspended and caused to move up and 
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down by a cord which passes over H, over K’, around M’, and finally 
attaches to L’. These points (with the exception of H) are all different 
eccentrics, each operated by an independent countershaft. Each counter- 


WML, 


Seale cm 


Fic. 6—Diagram of Disturber Mechanism. 


A reactance coil with the laminated iron core so arranged as to be carried through a compli- 
cated series of inharmonic motions. A, cross-section of cabinet; C, soft iron core containing 
800 gm. of iron wire, the bundle tapered as shown at F, and incased in a fiber tube G; E, brass 
spool carrying a winding indicated by D; this winding is in circuit, as seen at E in figure 3; O, 
turnbuckle; H, supporting pulley; J, counterweight pulley; J, counterweight of about 650 gm.; 
K, L, and M, three independent countershafts; K’, LZ’, and M’, three eccentrics; P, belts; N 
driving pulleys and shaft hanger adjustable at R. The driving motor is not shown. 


’ 


shaft is rotated at a different speed. The three eccentrics are not only of 
different speeds, but move the core different amounts. Therefore, while 
each eccentric has a harmonic motion, their periods are such that, when 
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taken in combination, they produce an inharmonic series which requires 
8 or more minutes to run its course and, in fact, seems never to repeat itself 
completely. The curve-drawing wattmeter plots the series of changes. 
These can be seen, natural size, i. e., with no attempt at compensation, in 
part B of figure 20. (See p. 161.) Sections A and C of this figure represent 
the tracings when a subject is trying to counterbalance the series of dis- 
turbances which constitute the task. 

When a subject manipulates the rheostat to compensate the fluctuations, 
he, of course, disturbs the whole series, and if he is trying to anticipate the 
deflections by memory, he is certain to lose himself soon after he begins 
compensation. Hence, when he is actively engaged in the test, he can not 
anticipate the frequency, direction, speed, or amplitude of the change. The 
needle moves and stops about 20 times in a minute, and a majority of 
these changes are in the opposite direction from the preceding movement. 
Whenever the needle is off the zero position, electric current is integrated 
in one of the meters in proportion to the time and distance. It is impossible 
to hold the needle quiet in the zero position, for it keeps crossing back and 
forth, and the inadequate compensation is constantly accumulated in the 
two integrating instruments. The most successful subjects make smooth 
movements rather than jerky, extreme compensations. In our experiments 
the test period was 5 minutes in length. Since the integrating instruments 
do not strictly measure the amperage which passes through them, but 
record only a difference in the amperages of the two fields, the revolutions 
and fractional revolutions recorded on the integrating meters are used as 
an expression of the score. 

Other instruments were tried in combination with the pursuitmeter to 
secure a basis for giving the score in common electrical terms or units. 
Since, in this case, we are not dealing with a simple clear-cut neuro-muscular 
process, the actual value is of minor importance, our interest being in 
comparative scores made when the instrument has been standardized 
similarly and the task kept uniform from period to period and from day to 
day, as well as from subject to subject. Scores made on the pursuitmeter 
may be described in terms of the characteristics of the apparatus. In the 
task which was adopted as standard, the slider of the regulator was placed 
at a median position, so that the deflections on one side were of equal 
amplitude with those on the other. A continuous run of 5 minutes without 
any subject operating the instrument, but with the slider quiet in this one 
position, gave exactly 20 revolutions of each integrating meter, or a sum 
of 4,000 revolution units, in which the 0.01 part of a revolution on an 
integrating meter is taken as the unit. In test runs, which were made each 
day in connection with the regular measurements, the pursuitmeter seldom 
gave a deviation from this standard performance of more than + 0.5 per 
cent. It is rarely that an adult performance is so poor as to allow the 
meters to accumulate in a 5-minute period a total of 2,000 points, which 
represents one-half the standard accumulated when the instrument has no 
intelligent compensation or direction. A score of 600 points, i. e., three 
complete revolutions of each integrating meter, 1s a very good record and 
represents substantially the equivalent of a deviation of 5 mm. for as much 
as 2 minutes of the test period. Usually the two meters do not read alike, 
as the subjects are not equally expert or careful on both sides. 
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So far as is known, there is nothing about this apparatus which makes 
it poorly adapted to any subject. The task is continuous and calls for 
constant attending, requiring both quickness and accuracy, but the muscular 
demands are very slight, the subject is sitting, and can adjust the apparatus 
for height and visual requirements. The amplitude and duration of all 
errors are integrated electrically, being accumulated by two meters from 
which the score is directly read at the end of the test period, with no record 
that must be measured or computed. The time and accuracy factors are 
logically and automatically united in one result. Graphic tracings made 
by the curve-drawing wattmeter were always taken in connection with our 
experiments, but their chief value was in demonstrating his difficulties to 
the subject, so that he might the more quickly acquire skill in the test, and 
to indicate whether there were serious lapses in attention. The pursuit- 
meter was used in the experiments described in Chapters V and VI. 


Static EQUILIBRIUM. 

While unsteadiness of gait and of standing posture is the symptom most 
usually associated with alcoholic intoxication, yet this characteristic sign 
of the effect of alcohol on motor control seems never to have claimed much 
attention in laboratory studies on the influence of moderate amounts of 
alcohol.* The “Romberg sign” was early recognized as of special importance 
in certain diseases and has been used in various forms, but mostly as a 
clinical diagnostic symptom. It was a natural development that the sway- 
ing of the body should be graphically registered, and several investigators, 
with various interests, arranged simple apparatus for this purpose. In 
general, a writing-point has been attached to the vertex of the head and a 
smoked paper suspended above on which the tracing of the swaying move- 
ment is recorded. This arrangement is referred to as the “ataxiagraph.” 
It has been used somewhat in psychological laboratories by those interested 
in the motor ability of children, and has also found some military uses. 

Such a graphic record for the swaying movement of the body during a 
given period offers three chief features for measurement: (a) extreme scatter 
or range of area’ covered, (b) actual length of the path traversed, and (c) 
number of movements or rate of oscillatory movement. Probably the best 
score for the test would be a proper combination of all three features. The 
tracings are so intercrossed and complicated that even strong magnification 
does not make it possible to determine the true length of path or rate of 
oscillation. Hence the extreme range of movement along the anterior- 
posterior axis and likewise for the lateral axis are the two measurements 
usually given. Psychologically, the test is one of standing motionless. 
When there is no special strain or loss of equilibrium, the subject tries each 
moment to avoid swaying rather than to return to a starting-point or central 
position for the location of which he has no accurate criterion. The extreme 
range of the tracing is therefore a somewhat incidental feature. Most sway- 
ing movements occur within an area much smaller than the extreme range. 

A mechanical means of automatically summing up all movements of 
whatever size in terms of their anterior-posterior and lateral components 


*Immermann (Arch. f. klin. Med., 1866, 1, p. 595) gives one illustration of the swaying after 
taking alcohol. Hinsdale thin, Journ. Med. Sci., 1887, 93, p. 478) reports haying made a 
trial of registering station when ether was taken while the subject stoodin position. Recently 
Hammarsten and Liljestrand (Bil. A. till Staten offentliga utredningar, Stockholm, 1922, 37, 
p. 119) required their alcoholized subjects to walk a narrow raised path at specified rates. 
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appeared to us as desirable. The ataxiameter which was developed at the 
Nutrition Laboratory for this purpose has been in use since 1919 and has 
proved itself a practical means of recording static equilibrium in this 
quantitative way.*° The name differentiates it from the ataxiagraph, 
although, as shown in figure 7, a means is provided for taking graphic 
records if desired. In this ataxiameter, a square wooden frame D, 61 cm. 
in outside dimensions, and adjusted vertically, is secured at any desired 
height by two clamps, F, F. On each corner of this frame a movement 


Fia. 7—Schematic Diagrams of the Ataxiameter. 


An apparatus for measuring the swaying of the body when a man tries to stand motionless. 
A, schematic arrangement of frame and support for smoked paper; B, side elevation of frame, 
graphic recording features, and one movement adder; C, end elevation of movement adders; D, 
frame; EL, pipe support; F, F, clamps; G, G, rods to support frame L, with smoked paper H, 
kept taut by K, K; M, slot in L to allow horizontal movement and vertical position (see dot- 
ted line in A); N, headpiece; O, curved bar for adjustment of stud P, to receive the collar Q, 
carrying writing-point V; J, 7, support for pulley unit, S, U; W, reading index; R, 5-gram 
weight on silk cord; Z, revolution counter; X, accumulating pawl; X’, locking pawl; Y, weight 
to release locking pawls. 


adder is mounted. (See side elevation in B and end elevation in C.) From 
a collar Q@, which connects with a headpiece worn by the subject, four silk 
threads pass, one to each of the four movement adders. Hach thread passes 
over an aluminum pulley which is 180 mm. in circumference, at the bottom 
of the groove. This groove is wide and smooth. Secured to the same shaft 
is a larger thin aluminum pulley, the periphery of which is knurled and 
covered with a rubber band. Two small pawls, X and X’, are arranged so 
that they may engage with the rubber surface. One pawl, X, is always in 


4 Miles, Journ. Industr. Hygiene, 1922, 3, p. 316. 
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contact with the pulley; thus, when the body sways backward, for instance, 
the pawl holds firmly and the silk thread drawn by a 5-gram weight R 
slips easily in the groove of the pulley, taking up all slack and making 
ready instantly to register and accumulate any movement in the forward 
direction. Movements as small as 0.5 mm. will be positively recorded. 
When both pawls are in contact, as in figure 7, during the preliminary 
adjustment of a subject to the apparatus, the silk thread can not turn the 
pulley in either direction and all of the adders remain zeroized until the 
moment of actually starting the test. When the test is begun, the weight 
Y is unhooked and dropped at the moment of starting the stop-watch. This 
releases all four locking pawls so that each adder may turn freely in one 
direction. When the weight is replaced, all of the adders will be locked 
into the position which they have reached at the end of the test. The 
graduations on the scale of each movement adder represent millimeters and 
the reading is in reference to the index W. The cord Z, which passes over 
the shaft, indicates the number of revolutions by the separation of the two 
small weights caused by the turning of the movement adder. The cord is 
divided into colored sections for indicating the revolutions, but this feature 
is not shown in the figure. 

The arrangement for the graphic records includes a delicate writing- 
point V, attached to the collar, which is connected with the silk threads and 
fits on to the headpiece worn by the subject. This writing-point is in 
delicate contact with the smoked paper H, carried on the frame L. This 
frame rests on the two rods G, G, and may be adjusted laterally. Graphic 
tracings were usually taken in the experiments, and some use of these is 
made in considering the alcohol effect on the gross area of sway. 

The sum of all four readings of the movement adders is not the exact 
length of the path of sway, but represents all the anterior-posterior and 
lateral components of these movements. This total millimeter score is the 
one which we have used as the significant measure in this test. The 
measurement covered a period of 2 minutes, during which the eyes of the 
subject were closed, although he was not blindfolded. The feet were in 
V-position, 1. e., heels together, with inside lines of feet at an angle of 45 
degrees, the position being prescribed by small cleats secured to the floor. 
The body attitude was somewhat better balanced and more comfortable 
than the characteristic military “attention” position. The apparatus is 
noiseless. Distracting stimuli were carefully guarded against, and such 
influencing conditions as footwear kept uniform. The test is one which 
does not seem to be markedly improved by practice, and the data obtained 
are among the most trustworthy secured in these studies. 

The station test was used in the two studies in which doses of very dilute 
alcohol were given. The discussion of the results may be found in Chapters 
V and VI, on pages 135, 183 et seq., and 238, and illustrative graphic records 
appear in figure 11, page 139. The method of measuring these records for 
area of sway is also described on page 140. 


JOHNSON Copr (SusstituTIon Trst). 


For study of the psychological effects which result from deprivation of 
oxygen, Dr. H. M. Johnson" arranged a series of code tests which were 


2 Johnson and Paschal, Psychobiology, 1920, 2, p. 193. 
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used in our investigation of the effects of dilute alcohol. The nature of the 
material and the form of the test may be illustrated as follows: 


ABCDEFGHIJKLMNOPQRSTUVWXYZ 
PXGZDKMBTFOEAQLUYJVHNIRCSW 
DJEASRNUMY PXHYITGLZW OKCQFBGPIX 
_WVUQNCEOYM KZDTFSBGAR 


The first line is the alphabet in the usual order with A at the extreme left 
and Z at the extreme right. The second line is the code, while the five short 
lines, made up of 10 letters each, represent the material to be transliterated. 
Twenty cards were prepared on which was printed the alphabet, a code, 
and 50 letters of material to be transliterated. The preparation of these 
different codes and of the material to be codified requires great care in 
order to produce tests of equal difficulty. In preparing this material, 
Doctors Johnson and Paschal adopted certain rules, as follows: 


(1) No code is systematically derived from another. 
(2) Every letter in the alphabet shall be represented by a different letter 


in the code. 

(3) No letter in the code is to be substituted for its immediately pre- 
ceding letter in the alphabet. 

(4) Habitual sequences (e. g., O K, Q U, etc.) are to be avoided, as are 
also sequences leading to the formation of considerable parts of words. 

(5) A given letter is not to be substituted for the same letter more than 


twice in the 20 codes. 


With these limitations, the sequences of the letters in the various codes 
were determined by shuffling a pack of prepared cards. The code having 
been prepared, a set of work material constituting 50 letters was made up 
by shuffling two alphabets to determine the sequence. This done, the 
original set was transliterated into code 1 and the result into code 2, and 
this in turn into code 3, etc. By these methods a group of 20 sets of tests 
have been derived which appear to be of practically identical difficulty. 
The various test cards were given to the subjects in an irregular order, and 
they were not numbered in such a way that they could be identified. The 
codes were too numerous and too nearly alike to be memorized by the 
subject. 

In the experiment, a test card attached to a sheet of ruled paper on which 
the transliterations were to be written in an orderly manner in prescribed 
squares was placed before the subject as he sat at a desk, but it was kept 
covered until the signal was given to begin the work. The subject wrote 
with a pencil and used a stylus in the other hand to aid him in keeping his 
place. The object was to transliterate correctly the 50 letters of material 
as quickly as possible after the beginning signal. An assistant timed the 
performance with a stop-watch. Most of the subjects, after their pre- 
liminary trials, adopted the method of taking the material in 2-letter 
groups rather than a letter at a time and following it entirely through 
before reading the next letter to be transliterated. The sheet on which the 
subject wrote provided 5 lines of 10 squares each. If the subject discovered 
at the end of a line that he had made an error, the instruction was to make 
no attempt at correction or location of the error, but to proceed. The 
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actual test usually required approximately 2 minutes. Of course, this is a 
very short test from which to expect to get regular and consistent results. 
The occurrence of one error which the subject may perhaps vaguely recog- 
nize and which produces a momentary block in the progress of the test may 
exercise a strong influence on the result of such a brief measurement. A 
better method of employing the code test would doubtless have been that 
followed by Johnson and Paschal, who required the subjects to transliterate 
successive groups of material, and gave him one test card after the other, 
but our experimental cycle of 30 minutes was not long enough for this. 

The code test was used only with the trained subject, and the group of 
young men to whom very dilute alcohol was given. The results obtained 
are discussed on pages 168, 183 et seq., and 254. 


CHAPTER II. 


INFLUENCE OF ALCOHOL ON TYPEWRITING EFFI- 
CIENCY AND SIMPLER RELATED ACTS. 


GENERAL PLAN OF TYPEWRITING EXPERIMENTS. 


At the inception of this investigation, September 1915, certain problems 
were in mind for which objective answers were desired. Dodge and Bene- 
dict* from their research concluded that the effect of alcohol on the coordi- 
nation processes varied directly with the dose, came closest to the total 
average of all the tests, covered the most general characteristics of the 
alcohol effect, and came nearest to being a measure of the individual’s 
susceptibility to alcohol. However, the coordination processes which they 
measured as indices of the effect of alcohol were considered primarily from 
the standpoint of speed, as the records did not lend themselves well to a 
determination of the accuracy of coordination. This was later pointed out 
by one of their reviewers.” 

The typewriting series, therefore, followed somewhat the program for 
alcohol investigation earlier issued by the Nutrition Laboratory,’ and was 
planned with a view to providing definite data on both speed and accuracy. 
The general features of this plan were as follows: 

Measure of efficiency in coordination.—The first problem was to arrange 
a series of experiments which should offer ample opportunity for comparing 
the effects of alcohol on efficiency (speed and accuracy of coordination) and 
should provide data which could be compared with those obtained by Dodge 
and Benedict, and also with the findings in a later series of experiments in 
which Miles* repeated some of their measurements. No act of skill seemed 
better suited to our purpose than that of typewriting. This as a measure 
of efficiency in skilled coordination has, among others, the following ad- 
vantages: (1) It involves a very large number of neuro-muscular habits 
which are usually carried out with a small amount of gross body movement. 
(2) Since typewriting is one of the most complicated coordination per- 
formances and at the same time a very common form of industrial employ- 
ment, highly practiced and reliable subjects can be secured for purposes of 
experimentation. (3) The factors of speed and accuracy in the coordination 
involved in typewriting can be well separated. As a skilled process it is 
one of the most accessible to experimentation, since it can be performed in 
the laboratory with no disadvantage. (4) The commercial typewriter is a 
highly developed, self-registering mechanism which is readily adaptable to 
any changes desirable in the laboratory or to fit the needs of the individual 
subject. The records which it provides are definite and have the advantage 
of possessing distinct human interest. (5) The difficulty of the coordination 


@ Dodge and Benedict, Carnegie Inst. Wash. Pub. No. 232, 1915, p. 265. 
> Rivers, Science, 1916, 44, p. 102. 
© Dodge and Benedict, loc. cit., Appendix I, p. 266. 
4 Miles, Carnegie Inst. Wash. Pub. No. 266, 1918. 
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task to be performed can be kept nearly uniform, or can be varied as 
desired. The usefulness of typewriting for experimentation in the psycho- 
logical laboratory has been generally recognized in the last few years and a 
large number of important studies in the psychology of learning have 
utilized it, as may be seen from the articles by Swift,” Swift and Schuyler,’ 
Book,’ Hill, Rejall, and Thorndike,’ Bradford,’ Wells,’ and Chapman.’ 

General course of effect of alcohol—The experiments of Miles, as well as 
some of those of Dodge and Benedict, showed that the alcohol effect tended 
to diminish 3 hours after the ingestion of the dose, but it could not be proved 
whether this was due to a natural diminution in the effect of the alcohol on 
the nervous system or whether it was associated with something in the 
nature of an increased effort at the end of the experiment. It was deter- 
mined in the present series to extend some experiments over a period of 5 
hours, so that, if possible, the changing amount of the effect of alcohol could 
be depicted with greater assurance. 

Influence of food."—The third problem was the influence of food on the 
effect of alcohol. That alcohol taken with food or shortly after a meal 
should be more slowly absorbed into the blood-stream seemed only reason- 
able, and, indeed, had been shown in some experiments with animals. How- 
ever, to our knowledge experiments had never been carried out with human 
subjects in which psychological measurements were made and the food 
factor systematically varied. 

Repetition experiments.—The series of experiments in which Miles‘ re- 
peated and extended the observations made on one of the subjects used by 
Dodge and Benedict yielded results which established the importance of 
repetition in such investigations. It is highly important to discover whether 
the same subject in two separate series of tests shows substantially the 
same results. Repetition series on the same individual, of course, bring in 
the problem of tolerance for the alcohol, as well as emphasize the changes 
that may develop as a result of learning. Series of repetition experiments 
were made with three of our subjects, Roj, Fam, and Mih. With one man, 
Roj, the food factor was kept constant, but the duration of the experimental 
day changed, being a 3-hour session in one series and in the other a 5-hour 
session. With the other two subjects (Fam and Mih) the duration of the 
experimental day was constant but the food factor changed.’ 

Approximately one-half of a subject’s time was occupied in actual type- 
writing, the other half in performing tests of simpler related processes. This 
variety not only served to make the work less fatiguing and to maintain 
the subject’s interest, but added considerable supplementary evidence to 
that found for the effects of alcohol on the typewriting efficiency. 


* Swift, Psychol. Bull., 1904, 1, p. 295. 

» Swift and Schuyler, Psychol. Bull., 1907, 4, p. 307. 

* Book, The psychology of skill, Univ. Montana Pub. in Psychol., Missoula, 1908, 1, pp. 1-188. 
4 Hill, Rejall, and Thorndike, Pedagogical Seminary, 1913, 20, p. 516. 

* Bradford, Pedagogical Seminary, 1915, 22, p. 445. 

J Wells, Am. Journ. Psychol., 1916, 27, p. 47. 

9 Chapman, Journ. Applied Psychol., 1919, 3, p. 252. 

* The two series in which food was taken immediately before the experiments (Fam I and Mih 
? I) are discussed in Chapter III. (See p. 102.) 

: Miles, Carnegie Inst. Wash. Pub. No. 266, 1918. 

? The repetition experiments are discussed in Chapter III. (See p. 96.) 
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SUBJECTS OF EXPERIMENTS. 


The individuals serving in these experiments were five young men, all of 
whom had taken regular courses in typewriting and stenography, and who 
had served one or more years as stenographer and typist in various busi- 
ness offices. Three of the men-were obtained through employment agencies. 
With these (Roj, Lig, and Suf) the experiments could be made in the morn- 
ing. The other two subjects (Fam and Mih) had regular employment, but 
their work was sufficiently lax for them to take on the extra service in the 
evening after regular office hours. All were paid somewhat liberally on an 
hour basis for the time which they spent at the Laboratory, with the under- 
standing that they were to do the best work of which they were capable. 
Certain information as to their habits, as well as physical data, etc., are 
appended here: 


Fam.—Age, 23 years; height, 163.9 cm.; average body-weight, 52.6 kg. Moderate 
user of wine and cocktails, also tobacco (cigars). Touch operator. 

Ing—Age, 26 years; height, 170.2 cm.; average body-weight, 67.6 kg. Moderate user 
of beer, but recently abstinent; also uses tobacco (cigarettes). Touch operator. 

Mih.—Age, 23 years; height, 190.5 cm.; average body-weight, 74.9 kg. Moderate user 
of beer, also tobacco (pipe). Touch operator. 

Roj.—Age, 23 years; height, 165.1 em.; average body-weight, 51.0 kg. Moderate user 
of beer, also tobacco (cigars). Touch operator. 

Suf—Age, 23 years, height, 160.0 cm.; average body-weight, 47.9 kg. Moderate user 
of whiskey, also tobacco (cigarettes). Not a touch operator. 


It will be noted that all of these subjects were moderate users of alcoholic 
beverages, mostly in the form of beer. In the preliminary interview with 
each man it was ascertained if he had objection to taking moderate amounts 
of alcoholic beverages in connection with an experiment in typewriting. 
The alcohol feature of the experiment was not especially stressed in these 
conferences. It was implied to the subject that a certain amount of alco- 
holic beverage would be given him each day in connection with the experi- 
ment, but that probably he would feel very slight, if any, effect from the 
dose. Such matters as the control of his food, the use of tobacco,* regular 
hours for sleep, and of regularly working at his best efficiency in the tests 
were stressed as of chief importance. No mention was made of the control 
doses or of preliminary practice experiments. 

Throughout the period of their employment in connection with these 
experiments, all of the men showed themselves as thoroughly willing and 
cooperative and, so far as could be judged from observing them at work, 
they made remarkably consistent efforts to hold themselves unremittingly 
to the task in hand. As a matter of precaution, each man at the termination 


“ Tobacco was used by the subjects as follows: 

Roj. Two cigars per day following each experiment. No tobacco with or following 
morning meal which preceded the dose in Roj I by about 3 hours. 

Lig. One cigarette following each meal of the day. The cigarette following breakfast 
was separated from the dose by about 214 hours. : 

Suf. One cigarette following each meal of the day. The cigarette following breakfast 
was separated from the dose by about 244 hours. ; 

Fam. Usually smokes two or three cigars daily, but no cigarettes. Smoked one cigar 
after the noon meal but no more until after the experiment. The time between the smoking 
of the cigar and the dose was approximately 6 hours. 

Mih. Smoked one pipe after the noon meal, i. e., about 6 hours before the dose. 
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of his work was asked to fill out an affidavit which should give information 
regarding the use of alcohol outside of the Laboratory, etc. These affidavits 
reveal no exceptional condition which should be taken into account in the 
interpretation of the data. The subjects were also encouraged to give their 
impressions regarding the effect of the daily dose on their efficiency in 
performing the tasks set them. Their comments are recorded in the 
Appendix, page 277. 


GENERAL DATA REGARDING EXPERIMENTS. 


This series of 44 experiments was carried out between September 21, 1914, 
and June 25, 1915. Table 1 presents the chronological arrangement and 
gives information useful in interpreting the results, such as the average 
body-weight, the time of day when the experiments were made, the number 
of periods (that is, the number of repetitions of measurements on that day), 
the number of hours intervening between the end of the last meal and the 
ingestion of the alcohol, the estimated energy content of the previous meal 
in calories, and the volume, amount, and concentration of the alcoholic and 
control doses employed. 


PRELIMINARY TRAINING OF SUBJECTS. 


Usually on the first day that a man served as a subject he went through 
the series of measurements two or three times. During these tests he was 
carefully instructed and encouraged to go slowly, so as to understand thor- 
oughly what was expected of him. The apparatus was adjusted to him in 
every way possible to make his work comfortable and natural. A control 
dose was given regularly on the first day. On the second day adaptation 
was more complete and 4 or 5 periods could be accomplished. The smaller 
alcohol dose, that is, 21 to 28 grams of ethyl alcohol, was used on this day. 
The sessions on both these days were not so long as on the following days. 
From the experimenter’s point of view, these two days are considered wholly 
as practice experiments and the results are not included in any of the suc- 
ceeding tables which contrast the efficiency on alcohol and non-alcohol days. 
Of course, no subject that served had any hint that the first two days were 
intended only to initiate him as thoroughly as possible into our laboratory 
routine. The discarding of these results may seem wasteful, but it must be 
recalled that individuals, though practiced in typewriting involving usual 
correspondence and business forms, will still require time for adaptation 
to what might be termed a “new line.” Aschaffenburg* discovered that his 
well-practiced typesetters, even-in their natural environment, made rapid 
improvement when placed under experimental conditions. Some of the 
results for the first alcohol day, particularly those which involve the non- 
voluntary functions, have a certain worth, and could probably be used as 
indicators of the effect of alcohol. However, in planning these experiments, 
it was thought that comparisons would be more sharply defined and the 
presentation much less complicated if the results on the first normal and 
first alcohol days were wholly disregarded and the comparison based on the 
next four days, on two of which alcohol was given in different amounts. 
With Roj but one week intervened between the last day of his first series 


* Aschaffenburg, Psychol. Arbeit., 1896, 1, p. 608. 
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Tas.E 1.—Chronology and general data for the experiments on alcohol and typewriting efficiency. 


- be Time 
x- x- 5 - Msti- i 
Subject and Type of | peri- | peri- oe ane Sar ee ae 
average body- | Date. experi- | ment | ment | peri- | dose | energy | ume 
weight. ment. be- | ended.| ods. and of of er! 
gan Pande meal.? |dose.*} Amount.| Concen- 
ood. 
1914 a.m. .m. hrs. 
Roj (1)4 Sept. 21 | Control | 8'50™ 1390" m2 44 
(51.0 kg.) Sept. 22 | Alcohol | 855 | 12 00 54 3% 
Sept. 23 | Control | 905 | 12 10 5 24% 
Sept. 24 | Alcohol | 900 | 12 05 5 3 
Sept. 25 | Control | 905 | 12 00 5 23% 
: Sept. 26 | Alcohol | 900 | 12 00 5 2% 
Lig Sept. 28 | Control | 910 | 1215 59 44 
(67.6 kg.) Sept. 29 | Alcohol | 9 00 | 12 20 55 3 
Sept. 30 | Control | 8 00 101 8 24% 
Oct. 1 | Alcohol | 815 130 10 2 
Oct. 2 Do. 8 05 130 10 2 
d Oct. 3 | Control | 8 05 | 12 45 8 2% 
Roj (11) Oct. 5 Do. 815 | 12 45 8 234 
(51.1 kg.) Oct. 6 | Alcohol | 8 10 115 10 2 
Oct rae Do. 8 10 1 20 10 2 
Oct. 8 | Control | 8 05 115 10 2 
Suf Nov. 2 Do. 900 | 1215 we) 334 
(47.9 ke.) Nov. 3 | Alcohol | 9 05 | 12 25 5) 2% 
Nov. 4 | Control | 8 00 | 12 40 7 2% 
Nov. 5 | Alcohol | 8 00 | 12 55 9 134 
Nov. 6 Do. 8 00 1 25 9 24% 
Nov. 7 | Control | 8 00 | 12 45 8 2 
1915 p.m. 
Fam (I)4 Mar. 22 | Control | 6540") 9o0™} 52 13% |71,070 
(53.3 kg.) Mar. 23 | Alcohol | 6 30 9 45 54 14% «| 71,935 
Mar. 24 | Control | 630 | 11 25 8 3% ~=|72,100 
Mar. 25 | Alcohol | 6.40 | 11 10 8 34 |71,890 
Mar. 26 Do. 640 | 1115 8 3% ~=«171,860 
Mar. 27 | Control | 6 45 | 11 00 8 8% =6«1 71,850 
Mih (1)4 Apr. 19 Do. 6 00 8 45 53 14% 171,410 
(76.0 kg.) Apr. 20 | Alcohol | 605 | 8 45 55 34 171,810 
Apr. 21 | Control | 5 50 | 1100 10 3% =6171,210 
Apr. 22 | Aleohol | 5 50 | 10 50 10 3% 171,660 
Apr. 23 Do. 549 | 1045 10 84 =|71,550 
Apr. 24 | Control | 5 55 | 10 37 10 3% |71,650 
Fam (II) June 9| Do. | 545| 940] 57 3% 
(51.9 kg.) | June 10} Do. | 545] 935 8 3 
June 11 | Alcohol | 5 40 9 30 8 3 
June 12 Do. 5 00 8 45 8 23% 
June 13 | Control | 500 | 8 50 8 284 
Mih (II) June 21 Wor aie 35) 9°40} 957, 534 
(73.8 kg.) | June 22} Do. | 530] 935 9 5% 
June 23 | Alcohol | 5 35 9 30 9 5% 
June 24 Do. 5 25 9 25 9 5% 
June 25 | Control | 5 25 915 9 5% 


1 Time from completion of meal to completion of drinking the dose for the day. 

2 The meal which preceded the experiment. For data regarding use of tobacco on the experimental days, see p. 31. 
footnote a. 

3 Each control or alcohol dose contained 7 ¢. c. of Rivers’s orange infusion and 1 e. ¢. of saccharine solution in addi- 
tion to the water or water and alcohol. The alcohol solution used in making up the dose contained 23.6 grams 
of absolute ethy! alcohol per 100 ec. c. 

4 The results of the experiments in the first series with Roj, Fam, and Mih are discussed in Chapter III, p. 96, as 
the discussion in Chapter II refers only to experiments with like conditions. 

’ The experiment on this day was devoted to practice in the tests and genera] routine and these results do not appear 
in our comparison. 

* In addition to the usual ingredients, the dose contained 1 c. c. of quassia infusion. 

7 Hearty evening meal at the Laboratory immediately before starting experiment. 

® The subject complained of the taste left in his mouth and was given 20 c. c. of water. 
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and the beginning of his second series; it was accordingly not deemed neces- 
sary to preface his second series by practice days, but this would have been 
desirable. 


NuMBER OF PERIODS IN AN EXPERIMENT. 


Aside from the first two days, the subject usually accomplished from 
8 to 10 periods or cycles in an experimental day, the session continuing 344 
to 5 hours. In addition, there were certain preliminaries to be gone through 
with before the experiment actually began, especially in the first series with 
Fam and Mih (Fam I and Mih I) who came to the Laboratory and ate 
their evening meal before the beginning of these experiments. The number 
of periods varied considerably with the different experimental days. Roj 
in the first series (Roj I), when the sessions were 3 hours long, accomplished 
regularly 5 periods each day. For purposes of comparison it is, of course, 
desirable that every man should have the same number of periods, that is, 
if the results are to be averaged in a group table. Practically it is very 
difficult to arrange the experiments so that they will be within identical 
time limits for all of the men. 


Foop ConDITIONS AND DosaGE. 


The alcohol or control dose was given after the first experimental period 
of any particular day. The amount of time between the completion of the 
last meal and the ingestion of the alcohol varies in table 1 from 45 minutes 
to 534 hours. In the case of Fam I and Mih I, the object was to precede 
the experiment by a meal, so that the stomach would contain a large amount 
of food at the time the alcohol was ingested. The 45 minutes allowed just 
enough time to make some preliminary adjustments and to complete the 
first period. When the food was taken at the Laboratory immediately pre- 
ceding the experiment, the quantity ingested was carefully weighed. The 
amount of food actually ingested on these occasions was the equivalent of 
a heavy meal, and consisted of beefsteak, potato, bread, butter, and milk.* 
In contrast with these experiments, in which the food immediately preceded 
the alcohol, or as nearly so as could be, we have the second series of experi- 
ments (Fam II and Mth II). With Fam a small meal was taken practically 
3 hours prior to the alcohol, while with Mzh a large meal was taken 5% 
hours before alcohol. For a general comparison of typewriting efficiency, 
it will be possible for us to group five of the men as follows: Lig, Roj II, 
Suf, Fam II, and Mih II. In these five instances the food was usually not 
very large in amount and was separated from the taking of the alcohol by 
at least two hours.’ 

The average body-weights of the subjects in the different series (see 
table 1) range from 47.9 to 76.0 kg. These variations in gross body-weight 
are of importance in comparing the effect of alcohol on different individuals. 
In the experiments made in 1914, all three men (Lig, Roj, and Suf) were 
given identical alcohol doses. Each control or alcohol dose contained 7 c. c. 
of Rivers’s orange infusion’ and 1 c. c. of saccharine solution in addition to 
the water, or water and alcohol, and in some cases the dose contained 1 c. ¢. 


@ See Chapter III, p. 102, for discussion of these experiments. 
> For use of tobacco by subjects, see p. 31, footnote a. 
* Dodge and Benedict, Carnegie Inst. Wash. Pub. No. 232, 1915, p. 22, note 2. 
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of infusion of quassia. Quite regularly the concentration of the dose was 
22 per cent by weight, and doses of two sizes were used, i.e., 24 and 35 
grams. Thus, the larger dose contained 50 per cent more alcohol than the 
smaller, but both are within the limits of what are commonly accounted as 
moderate amounts of alcohol.“ Dodge and Benedict? used 24 and 36 grams 
of alcohol and designated these as doses A and B. The total volumes were 
150 and 225 c. c., respectively, i. e., about 17 per cent alcohol by weight. 
Our doses were slightly stronger in concentration. In the experiments of 
1915, the smaller dose, A, was adjusted substantially on the basis of body- 
weight, about 0.5 c. c. of absolute alcohol per kilogram of body-weight being 
given. (See table 1, p. 33.) As the amount of alcohol in dose B was 50 
per cent more than that in dose A, Fam received in doses A and B 21 and 
32 grams, and Mth 28 and 42 grams, respectively. In all cases the dosage 
was taken at room temperature, the rim of the glass was wiped with alcohol 
to give the odor while drinking, and the ingestion required less than a min- 
ute. Subjects were not allowed to take water after the ingestion of the 
dose or, indeed, during the experimental session, with a single exception 
noted in the table. This exception was Fam in the second series on June 12, 
who, after the larger dose (32 grams) took 20 c. c. of water, which was given 
because he complained so insistently of the taste left in his mouth by the 
alcohol solution. 


PrRoGRAM OF MEASUREMENT. 


In arranging the experimental program, efforts were made to meet four 
conditions which, on the basis of previous alcohol experimentation at the 
Nutrition Laboratory, seemed desirable objectives. These conditions were 
as follows: (1) To obtain a sufficient number of results for any one mea- 
surement to give a fairly trustworthy representation of the subject’s per- 
formance in that test; (2) to provide enough variety in the measurements 
so that the subject would continue to be alert, and onset of fatigue would 
be delayed as much as possible; (3) to arrange the tests in such a way that 
they could all be completed in 30 minutes, so that changes in the effect of 
the alcohol might be investigated by successive repetitions of the series of 
tests; (4) to select a group of measurements which would supplement one 
another, and thus aid in the analysis of the effect of alcohol. After a few 
preliminary trials, the program on page 36 was developed and was adhered 
to for the most part during the whole series of experiments. Practically the 
only differences were certain minor additions to the series which were made 
in some cases. . 

The measurements were made in the order given on page 36. The 
pulse-rate for the quiet position usually followed the lid reflex before the 
subject returned to the typewriting table. He had thus been sitting quiet 
for some time during the eye-movement and lid-reflex measurements. The 
series of tests as performed required very nearly 30 minutes for its com- 
pletion, depending somewhat, of course, upon the efficiency of the subject 
in the typewriting, this part of the program occupying 15 to 20 minutes. 


@ Miles, Carnegie Inst. Wash. Pub. No. 266, 1918, p. 23, note 1. 
> Dodge and Benedict, Carnegie Inst. Wash. Pub. No. 232, 1915, p. 30 and note 2. 
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All of the measurements were taken in one room. The apparatus was 
compactly and conveniently arranged* and therefore required but little 
movement on the part of the subject. The typewriting table was well 
removed from the recording apparatus and the subject faced a plain dark 
wall. No one sat or stood near the man as he was writing, and distraction 
from the experimenter and his assistants, as well as from the apparatus 
of the laboratory, was minimized as much as possible. Aside from the 
typewriting, the other arrangements of the laboratory were essentially 
those which had been previously used by Dodge and Benedict, and also by 


Measurement. Time required, 
in minutes. 


1. Typewriting: 
(a) 20 lines of practice sentence at maximum speed..............--- 
(6) P25,lines ofiditicult prose, copy ete ei erie ates iel elie re 
(c) 10 lines of nonsense 5-letter combinations. ...............++-+:- 
2. Pulse-rate recorded with the string galvanometer: 
(a) With subject quiet for some time preliminary to writing practice 
BEN TEN CON ee eee he ye nis teres eats eae le ee i ate ceria 1 
(b) During typing of last two of the 20 lines of practice sentence.....|............-- 
(c) After 30 seconds of rest, sitting quietly following typing of prac- 
tO BONTEMCE Sais aycis, crs ccm sete a asec me rote ee eiae ot eee eee 
. Word-reaction time in speaking 4-letter English words................. 
. Finger movement at maximum speed for 8 seconds taken with pulse-rate. 
. Eye movement: Velocity for movements of 40 degrees................-- 
. Protective lid reflex: Latency and amplitude..................-+....--- 


Crm cr 


Oop w 
Wh bo We 


Total time for series of tests within the period...................... 30 


Miles; hence the apparatus needed no special testing. A very regular 
technical routine was adopted and only a minimum amount of time was 
lost by adjustments or difficulties on account of the apparatus. This regu- 
larity in operation is attested by the fact that no records are missing for 
any measurements and none had to be discarded because of technical errors. 


TYPEWRITING TASKS. 


The typewriting efficiency of the subjects was tested at what might be 
called three levels of difficulty, as based on the material which each was 
required to write. It was found that nearly all of the men had a practice 
sentence which they had employed more or less when learning typewriting, 
and which they were in the habit-of using when trying new machines. This 
sentence was found to be essentially the same with all the men. Since 
typewriting is a system of habits, and efficiency is dependent upon the 
multiplicity of repetitions, it was judged that probably each man could 
show his maximum speed at fingering if he were required to write this 
practice sentence; hence 20 or more repetitions of the sentence were made 
the first typewriting task. The sentence written was essentially “Now is 
the time for all men to come to the aid of their party.” Lig shortened it 
and finished with “come to our aid.” Mih concluded the sentence with 
“country” in place of “party,” and Fam used “brave men” and “country.” 


* Dodge and Benedict, Carnegie Inst. Wash. Pub. No. 232, 1915, frontispiece, and fig. 1, p. 31. 
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It will be observed that this sentence involves mostly very short words, 
and also that a number of widely distributed letters on the keyboard are 
absent, so that the fingering is of the very easiest. The instructions given 
were to “write accurately and as fast as possible.” The practice sentence 
made one line of typewriting; therefore each time the sentence was written, 
besides striking the letters and spaces properly, there was one capitalization, 
one period, and one carriage movement. The same practice sentence was 
written each day by the subject throughout the period of his experiment. 
Hence, in the two preliminary days, each man received considerable prac- 
tice in writing this sentence before the main part of the study was begun, 
and several of them practiced it outside the Laboratory with a view to 
making this part of the test a demonstration of the most rapid typing of 
which they were capable. 

The second portion of the experiment consisted of typing 25 lines 
(approximately 250 words) of rather difficult prose copy. This material 
was taken from a scientific article, but contained no formula, data, or 
tabular matter, so that aside from capitalization, the occasional use of a 
hyphen, and the common punctuation marks, only the letter keys of the 
typewriter were involved. Ten sheets of this printed copy were provided 
by cutting up the original article and using those pages on which the para- 
graphs were quite long and the discussion seemed to be, as nearly as could 
be judged, of equivalent difficulty from page to page. Each page of copy 
was made up of parts of two paragraphs, so that one paragraph indenture 
was required. The actual number of sentences, and therefore of capitali- 
zations, could not be made constant. The material was printed in 8-point 
Gothic type and was very legible. The copy was held on an inclined stand 
which could be located very near the subject and he was free to arrange 
this stand and the portable electric desk-lamp during the first two days of 
practice in the way most satisfactory to him. He found on the first or 
second day the adjustment which he liked best and this was kept constant 
during the remainder of the experimentation. The pages of prose copy 
were numbered 1 to 10. In the first period on each experimental day with 
each subject, page No. 1 was copied, in the second period page No. 2, and 
so on throughout the experimental day. Hence the performance in period 
1 on the different days always involved the typing of the same material, and 
the same was true of the other periods. There was a certain amount of 
learning as the experiment continued, the longer words particularly becom- 
ing more familiar, but no subject found himself able to memorize the copy. 
The factor of learning and familiarity with the prose copy seemed a less 
complicating error than would probably be involved in supplying for each 
experimental period in the whole series a different piece of copy and assum- 
ing that they were of equal difficulty. 

The third and last typewriting task was the copying of 5-letter nonsense 
combinations, 80 of these being arranged in 10 lines of 8 nonsense syllables 
each. This material may be illustrated in the following line: 


yhsrm vblyi ckzbm scige cpofk hvray bicbm gfsde 


A sheet of this copy resembled tabulated material, as all of the combi- 
nations were of the same length (5 letters) and each line contained 8 


38 ALCOHOL AND HUMAN EFFICIENCY. 


combinations. This aided the subject somewhat in keeping his place as 
he did the typing. No capitalization or punctuation was involved in the 
task, so that aside from the letter keys and space-bar, but one carriage 
shift was necessary for each set of eight combinations. Ten pages of such 
copy were provided and were judged to be of equal difficulty. Page No. 1 
was always used in period No. 1, as was page No. 2 in period No. 2, and 
so on in sequence on both control and alcohol days. 

In all three of the typewriting tasks the subject was instructed to write 
as accurately and as fast as possible, and never to correct a mistake. ‘The 
back spacer for correction of errors was not to be used. This at first occa- 
sioned some difficulty, but by the time the two preliminary days were over, 
the subjects had fairly well adapted themselves to the routine. In tran- 
scribing the prose and nonsense, the subjects were instructed to make the 
typewriting correspond line for line to the printed copy. This was not 
found to be a hardship. It was, indeed, a simplification for the subject 
and also for the experimenter in working up the records later. 


TECHNIQUE FOR REcoRDING TIME RELATIONS. 


The typewriter automatically provides us with a record of the accuracy 
of an individual’s performance which may be compared with the copy 
typed. The time relations of the process are in no way indicated on the 
typed sheet and must be provided for by some accessory apparatus. There 
are three features in the action of the typewriter or in the process of type- 
writing which should be distinctively marked on the objective records so 
that the time durations can be ascertained for them separately or in a 
desired combination. These are: (1) the movement of the lever which 
spaces the lines and moves the carriage to the right for beginning a new 
line of typewriting; (2) the action of all typewriter keys which print 
characters; (3) the action of the space-bar by which the words are sepa- 
rated. The shift key for capitalization need not be recorded separately, 
as the time for this action can be computed with fair accuracy when it is 
desirable to secure it. 

Since the typewriter has many moving parts and a fairly open frame- 
work, it lends itself well to the attachment of contacts for completing 
electrical circuits. However, it is a matter of some difficulty to get contact 
arrangements that will remain constantly in adjustment and endure the 
wear involved in long series of experiments with different subjects. 

A diagram of the arrangement for recording the time relations of type- 
writing is shown in figure 8. A side elevation of the standard commercial 
typewriter which was used in nearly all of our experiments is drawn with 
certain parts of the frame cut away to expose the contact mechanisms. 
(See A of fig. 8.) Contact E was closed when any pressure was exerted 
on the lever which returned the carriage and also shifted the typewriter 
roll. One side of this circuit was connected by a small binding-post to the 
frame of the carriage, while the other was a contact point carried on the 
movable arm but insulated from it. Contact F was located on the rocker- 
arm associated with the escapement at the back of the typewriter, and was 
insulated from the typewriter. This contact was closed every time a 
character-printing key or the space-bar was pressed. It was so adjusted 
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that the carriage could not be moved forward one space unless the contact 
was closed. Contact G was carried on the space-bar and closed whenever 
the space-bar was operated. This circuit was also insulated from the 
typewriter frame. 

The action of these contacts was recorded by means of the Dodge duplex 
signal magnet (see B, fig. 8).° This signal magnet has the unique advan- 
tage of recording three different events by one writing-point. In the case 
of typewriting, these three events can not possibly be confused. The general 
arrangement of this signal marker and its action is indicated in the diagram. 
There are two sets of electromagnets, H and H’, and J and I’. The latter 
magnet is below J in the figure and is not visible. There are two armatures, 
J and K. The latter carries a light aluminum rod, one end of which is the 
writing-point S; the other end forms a connection at N with the armature J 
and is kept in position by the spring O. Thus, when the circuit # on the 
typewriter is closed, actuating the magnet H and H’, the armature J causes 
the writing point S to deflect to the left, forming the tracing TJ on the 
kymograph drum. When contact F on the typewriter is closed, actuating 
the electro-magnet I and J’, the writing-point S is deflected to the right, 
forming the deflection U on the record. Since the space-bar closes both 
contacts G and F, the latter being connected with the escapement mechan- 
ism, both sets of electromagnets are actuated and both armatures move, 
with the resulting movement of the writing-point S, as indicated at V on 
the record. (See also fig. 9.) 

The kymograph,’ which is an electrically-driven instrument and quite 
accurate in its speed, carries a drum with a peripheral circumference of 
500 mm. It is so arranged that the record may be taken in a spiral, with 
a pitch providing a-separation of 2 mm. for the different lines of the record. 
By this arrangement it is possible, when running the kymograph at a rate 
of 100 mm. per second, to record on one sheet a performance requiring 
several minutes. Thus the record was sufficiently lengthened so that the 
time measurements could be made with more accuracy than was really 
necessary. Control records of the time intervals were consistently regis- 
tered on the kymograph paper by signal magnet D in series, and operated 
by the 2-second pendulum of a large clock. The time record in no way 
confused that of the typewriting performance. 

Portions of typewriting records as made on the kymograph are repro- 
duced full size in figure 9. In the lower portion of the figure, which is from 
a typical record made during the repeated writing of the practice sentence 
‘‘Now is the time for all brave men to come to the aid of their country,” the 
first words of typewriting copy that are associated with the bottom line of 
this record are also given. From this it is seen that the indications on the 
record are perfectly legible so far as their association with strokes or spaces 
on the typewriter is concerned. From such a record the analysis of the 
time relation for the different acts can be made minutely, although it is 
recognized that in connection with each act we do not have what corre- 
sponds to a high-speed motion picture record. Before a particular key is 
struck there is an interval during which the process is becoming elaborated 


* Dodge and Benedict, Carnegie Inst. Wash. Pub. No. 232, 1915, p. 192. 
6 Blix, Arch. f. d. ges. Physiol., 1902, 90, p. 405. 
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Fic. 9—Portions of Two Sample Kymograph Records of Typewriting (Natural Size). 
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in the neuro-muscular system and before the appropriate muscle-group is 
brought into play, that is, before there is any movement whatever. Then 
there is a time when the finger is moving in the direction of the key which 
should be appropriately struck. Presently the key is found and a certain 
amount of pressure is exerted on it. The duration of time between letters, 
that is, when the signal magnets are not actuated, is shown on the record, 
thus representing the initiation and elaboration of the process. The time 
during which the letter is held down and the signal magnet deflected, rep- 
resents the duration of pressure by the finger of the operator and also to 
some extent the lag in the mechanism in its return to the neutral position. 
It can not be assumed that each habit works separately and must complete 
itself up to the point of printing the letter and releasing the keys before the 
next habit begins to elaborate the neuro-muscular act which will be required 
for its proper fulfilment. A number of these habits are in process at the 
same time, and the more skilled the typist, possibly the larger is the number 
of such overlapping neuro-muscular events that are taking place at a given 
instant. 

We have not undertaken to make as minute a study of these processes 
as the foregoing paragraph hints at. In fact, such a study, even in reference 
to the purely psychological phases of typewriting, remains to be made by 
those who are primarily interested in this skilled act and in the psychology 
of learning. Typewriting efficiency has often been measured on the gross 
basis of words per minute or of the number of strokes performed in a certain 
time period and the percentage number of errors. We have taken the line 
of typewriting as a unit, this containing one carriage movement and a 
number of strokes varying from 65 to 75. In each such unit the number 
of strokes per second and the number and percentage of errors have been 
determined. 


MetTHopD or CoUNTING STROKES AND ERRorS IN TYPEWRITING. 


In grading the typewritten sheets, an arbitrary method has been adopted 
by which one stroke has been counted for each letter, figure, or punctuation 
mark which did not require the use of a shift-key, one stroke for each 
operation of the shift-key, and but one-half stroke for each operation of 
the space-bar.* The operation of the shift-key requires a longer time than 
one of the letter keys. However, the capitalization of a letter requires about 
the same amount of time, since both hands are operating at once, as it does 
to strike two letters successively. Thus each capitalized letter is counted 
as two strokes. The appearance of other symbols in the copy which required 
the operation of a shift-key was very rare. Each typewriting task was 
begun with a preliminary carriage movement, so that for each line of type- 
writing one carriage movement has been included. From the kymograph 
record the time for each complete line of typewriting has been measured to 
0.01 second; the total number of strokes in that particular line has then 
been divided by the time represented on the kymograph record, and the 
number of strokes per second thus secured. 


2 Some other investigators of typewriting count the space-bar and key action on the same basis. 
It is unnecessary to give the references at hand or to discuss the matter here in detail. Our 
treatment has been uniform with all the data and for a comparison is therefore adequate. 
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The counting of the errors is a more difficult matter in elaborating the 
records than the determination of the number of strokes. For convenience, 
errors have been classified under four different heads: 


(1) Errors in striking letters, spaces, figures, or punctuation marks.— 
One error has been counted for each of the following occurrences: omitting, 
inserting, repeating, substituting, illegibility due to too light a stroke, trans- 
posing, 1. e., reversing the order of any two symbols, and causing two 
symbols to overlap. 

(2) Errors in capitalization—Kach of the following is counted as one 
error: failure to capitalize a letter, unnecessary capitalization of a letter, 
ane striking a letter or symbol seriously out of line when using the shift- 

ey. 

(3) Errors involving whole words—The following have been considered 
as individual errors: omitting, inserting, repeating, substituting a word, or 
reversing the order. 

(4) Locking of keys——When the subject touched two keys so closely 
together that they locked, it has been counted an error. Occurrences of 
this kind had to be noted at the time and properly recorded, as they do not 
always show characteristically on the kymograph record. 


An error has been classified under but one head, that is, counted but 
once unless it involved capitalization. After the number and percentage 
of errors have been determined for each complete line of typewriting, the 
average has been taken for all the lines of typewriting which made up the 
task, and the mean variation determined in each case. The writing was 
double spaced. Marginal stops have not been considered of importance, 
as the typewriting corresponded line for line with the copy. Paragraphing 
was likewise not considered in the writing of the practice sentence, or in 
the nonsense material, but only appeared in the prose copy, and even here 
to a slight extent, since the paragraphs were long and only one indenture 
was required. The margins at the top and bottom of the sheet were without 
value for our purpose in estimating the efficiency in typewriting. 


EXPERIMENTAL RESULTS FOR FIVE TYPISTS. 
TYPEWRITING OF PRACTICE SENTENCE. 


Each of the five subjects wrote 20 times continuously the sentence which 
he believed he could write with maximum accuracy and speed. Accuracy 
was constantly placed foremost in our frequently repeated instructions to 
each man and deserves first attention in any consideration of efficiency 
in typewriting. In discussing the results for the different typewriting tests, 
we will therefore present, first, the data for the effect of alcohol upon the 
accuracy of the typewriting, and second, the effect upon the speed of the 
typewriting. The reader will bear in mind that these experiments concern 
moderate amounts of alcohol, such amounts as have, in fact, been con- 
sidered by many individuals to exert no observable influence upon neuro- 
muscular performance. Since we are attempting to isolate the influence 
of such a factor, it is necessary to control the experiments in various ways 
so that they will afford the best possible opportunity for contrasting alcohol 
with normal performance. We are attempting to discover if 21 to 28 
grams of ethyl alcohol, taken at one time, measurably influence the type- 
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writing efficiency and other neuro-muscular functions of a practiced opera- 
tor. The question then arises whether an amount of alcohol 50 per cent 
larger (32 to 42 grams of ethyl alcohol taken at one time) produces a 
larger effect in the same direction as the small dose. Furthermore, it is 
desired that some information should be obtained as to the temporal rela- 
tionship of this effect if such exists. How rapidly does the effect develop? 
When has it reached its maximum? What is the nature of its decline and 
in what way is this related to later performance? There is the further 
question of whether alcohol affects all kinds of typewriting and all neuro- 
muscular performance to about an equal extent. As is outlined in previous 
pages, a variety of typewriting tasks and of neuro-muscular measurements 
has been provided to throw light on this point. These measurements have 
been so chosen and arranged that they could all be performed in approxi- 
mately 30 minutes, one complete round of the tests being termed an ex- 
perimental period. 

Two procedures have been employed for contrasting the results after 
alcohol with what we may term normal, or control, results. The first of 
these methods is the use of non-alcohol days on which the subject was 
given a control dose imitating the alcohol dose as far as possible, but con- 
taining no alcohol. The second was to introduce a preliminary period of 
experiment before the control dose was given on normal days and also 
before the alcohol dose was given on alcohol days, so that the first period 
on each day was completed before the dose of liquid was taken. Both of 
these methods were used by Dodge and Benedict and also by Miles, and 
have been fully described by them." The procedure has also been schemat- 
ically outlined on page 4 of this monograph. (See fig. 1.) In reviewing 
tables and other presentation of data which will follow, it is necessary to 
bear this experimental arrangement in mind. So far as the writer knows, 
it is the most comprehensive method for bringing out the influence of any 
factor. Since it applies to all our data here recorded, it will be found to 
simplify rather than to complicate the presentation of the essential results. 


Errect or AucoHoL on AccurRACY IN THE Most Simpie Typrne. 


The major tables have a uniform arrangement of which table 2 may be 
taken as the typical form. In this table are presented the results for 
errors in practice-sentence writing for our group of five subjects. All of 
these men had two preliminary days of practice, one normal and one alcohol, 
the results of which are not included in the comparison for effect of alcohol. 
(See table 1, p. 33.) Following-these practice days, each man had two 
normal days, also two alcohol days, on which doses A and B were taken, 
respectively. The results of these four days are compared to determine 
the effect of the alcohol. The table is arranged in the same order through- 
out from the top downward. At the left side, the subject, date, and the 
character of the experiments are entered. Under period 1 is given the aver- 
age percentage number of errors per line which each man made in writing 
the practice sentence in the first period. Following period 1 and just prior 
to the beginning of period 2 the dose for the day was taken. This interval 
is indicated by parallel vertical lines. The dosage for both control and 


* Dodge and Benedict, Carnegie Inst. Wash. Pub. No. 232, 1915, p. 21; Miles, Carnegie I 
Wash. Pub. No. 266, 1918, p. 29. iim \" 
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alcohol days has already been noted on page 35 and in table 1. Following 
the dose the series of measurements was repeated again and again, each 


TaBLE 2.—Errors made in typewriting practice sentences. 
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1 The experiments in the first series with Roj, Fam, and Mih are not included in this and the subsequent 
tables in this chapter, as the discussion in Chapter II refers only to experiments with like conditions. 
(See Chapter III, p. 96, for discussion of Roj I, Fam I, and Mih I.) 

2 Suf completed only 7 periods on this date, but the value obtained in the seventh period was used for the 
eighth period in this and subsequent tables for complete comparison with the other subjects. 


repetition or experimental period requiring one-half hour. On the average, 
eight periods were completed, that is, seven repetitions after the dose. The 
number of periods actually completed by the different men varied some- 
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what. With certain of them there were as many as 10 periods on some 
days, while one, Suf (on November 4) completed only 7 periods.* To 
facilitate uniformity of presentation in the averages for the group, we con- 
sider only the results of the first 8 periods, the records being complete 
for these, except as noted. The individual averages for each period in all 
the experiments are given in the table, both for the preliminary periods 
and for the periods after the dose. A general average (A, A,, and A,) has 
also been calculated for each period, and below are given the algebraical 
differences (D, D,, and D.) between the average preliminary value and 
each average period value after the dose. 

The average for the preliminary measurements on the normal days 
(period 1) is 1.30 per cent of errors per line for the practice sentence. After 
the control dose, the errors for periods 2, 3, 4, etc., were always somewhat 
larger, that is, 1.53, 1.56, 1.64 per cent, and so on. The values on normal 
days, which represent 5 different men and 10 different days, are not con- 
stant from period to period, since throughout these 4 hours uncontrollable 
factors were exercising their influence. Especially we may suppose the 
factor of fatigue or ennui was constantly increasing; a rather consistent 
gradual increase in errors is apparent up to the seventh period, with only 
a slight increase in the eighth. The average for the preliminary on the 
alcohol days with dose A is 1.30 per cent, which corresponds exactly with 
that found for the normal day. This identity is of course a mere matter 
of chance. Following dose A, the errors for periods 2 to 8 are in order 
1.64, 2.90, 1.84, 2.58, 2.46, 1.68, and 2.22 per cent. 

Since we have two sets of normals, i. e., the preliminary values and the 
values of the control experiments, we may calculate the effect of alcohol in 
two ways, as has been done in this and in subsequent tables. The first 
we may designate as the “difference method,’ as the effect is found by 
deducting the average differences for the periods of the control experiments 
from the average differences for the corresponding periods of the alcohol 
experiments (D, or D,—D). The percentage effect is computed by using 
as base the value obtained by averaging the two averages for the pre- 
liminary values of the control experiments (A) and the alcohol experiments 
(A, or A). 

The second method of computation of the effect of alcohol may be desig- 
nated as the “contrast method,” as we contrast directly the averages for 
the corresponding periods of the control (A) and alcohol experiments 
(A, or A,), deducting the period averages of the control experiments from 
the corresponding period averages of the alcohol experiment (A, or A,—A), 
the result representing the effect of alcohol. The percentage effect is com- 
puted by using the average for the control period as the base. 

In discussing the typewriting series the effect of alcohol is also frequently 
given according to what may be termed the “combination method,’ the 
result obtained by averaging the values computed by the “difference 
method” and the “contrast method.” 

As we have here the results of 7 periods after the control or alcohol dose, 
each of 30 minutes, the values represent the effect of alcohol during about 


* The value given in the seventh period for Suf on November 4 in the tables of this series has 
always been arbitrarily used for the eighth period value so that the data for all subjects 
might be the better averaged. 
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3% hours. In discussing the results, comparison will frequently be made 
between the effect as shown in periods 2, 3, 4, and 5 (the first 2 hours after 
alcohol) and in periods 6, 7, and 8 (the subsequent 114 hours). 

Using, first, the contrast method for computing the effect of alcohol, 
from the values in table 2, we subtract 1.53 (the average percentage error 
for the control period 2) from 1.64 (the average percentage error for period 
2 after dose A), and obtain 0.11. (See Effect of alcohol, dose A, contrast 
for group.) This, using 1.53 as the normal base, represents a percentage 
increase in error due to the alcohol of 7.2 per cent. (See Effect of alcohol, 
dose A, per cent from contrast.) In like manner for period 3, the normal 
average of 1.56 may be subtracted from the average for period 3 with dose 
A of 2.90, and the difference obtained would be 1.34. On the basis of 1.56 
(the normal average), this represents an increase in error due to alcohol of 
85.9 per cent. From this it is clearly seen that in period 3 after alcohol, 
the percentage number of errors is nearly twice that found in period 3 with- 
out alcohol. 

The different subjects after dose A show wide variation in the average 
errors for period 3, these ranging from 0.6 to 7.8 per cent. Roj (II), who 
shows the latter value, has also a large number of errors in his normal 
work, that is, 3.1 and 5.0 per cent for his two control days. If the averages 
for the third period on the two normal days for each subject be compared 
with the individual averages for period 3 after dose A, it will be observed 
that, with the exception of Fam (II), they all show a larger number of 
errors after alcohol. Fam (II), who happens to be exceptional in this 
particular period, is in line with the others in periods 2, 4, 5, 6, etc. The 
comparison need not be carried on in detail between the other periods, 
periods 2 and 8 serving as illustrations. 

Continuing the use of the contrast method, we find that the effect of alco- 
hol (dose A) in periods 4, 5, and 6, respectively, is 12.2, 35.0 and 36.6 per 
cent. There is a reversal of direction in period 7 amounting to 24.6 per 
cent and then a slightly increased number of errors in period 8 amounting 
to 3.7 per cent. If we group together periods 2, 3, 4, and 5, which represent 
the 2 hours following the ingestion of the alcohol, the average increase in 
error during this time is 35.1 per cent, whereas the average increase during 
periods 6, 7, and 8, that is, from 2 to 314 hours following the ingestion of 
alcohol, equals 5.2 per cent. It will simplify comparison to make such 
groupings of periods throughout this chapter. 

In the foregoing comparison by the contrast method we have wholly 
neglected the preliminary period, that is, period 1. We may suppose that 
there is not only a variation in the working ability throughout the experi- 
mental day, but that different days vary from each other somewhat, the 
individual finding himself at different levels due to any one of a number 
of circumstances. The values obtained in the preliminary periods have 
no relationship whatever to the dose but are taken for the sole purpose of 
determining, if possible, the working-level or condition of the day. The 
preliminary period also takes account of the practice-level which the sub- 
ject has reached in the particular test under investigation, and is the basis 
of the computation of the effect of alcohol by the difference method previ- 
ously outlined. This has been the method used in former studies, and 
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theoretically it seems to us the best means of making an impartial and 
rigid comparison. 

The average preliminary values for the normal and alcohol (dose A) days 
in table 2 happen to be identical. Consequently, the comparison of the 
actual values in this section of the table must necessarily give the same 
result, whether it is made by contrast or from differences. Since the basis 
for computing the percentage effect by the difference method (the prelimi- 
nary value) is smaller than those used to compute the percentage by the 
contrast method (the averages after the dose), the percentages of change 
calculated by the difference method will be larger than those obtained by 
the contrast method. The percentage effects of alcohol for periods 2 to 8, 
inclusive, in table 2, as computed by the difference method, are 8.5, 103.0, 
15.4, 51.6, 50.8, —42.3, and 6.2 per cent, the total average for the 7 periods 
following alcohol being an increase of 27.6 per cent in errors. (See Effect 
of alcohol, dose A, per cent from differences.) The average for periods 2 
to 5, inclusive, that is, for two hours following the ingestion of alcohol, is 
an increase of 44.6 per cent, while for periods 6 to 8, inclusive, the increase 
is 4.9 per cent. Probably an average between the two methods, i. e., the 
“combination method,” is actually the more just representation of the com- 
plicated situation with which we are confronted in making such comparisons. 
Thus averaged, the effect of the alcohol for periods 2 to 5 would be an in- 
crease of 40 per cent in number of errors, while for periods 6 to 8 the in- 
crease is 5 per cent, indicating in general a marked diminution of the effect 
of alcohol 2 hours after ingestion. 

The effect of dose B on the errors in typewriting the practice sentence 
can also be seen by reference to table 2. The percentage of errors in the 
periods following the dose are in each case larger than those following 
either dose A or the control dose. If we contrast the values obtained with 
dose B and with the control dose for periods 2 to 8, inclusive, we find the 
percentage of increase in errors which are ascribable to the effect of the 
alcohol to be as follows: 16.3, 189.5, 128.0, 70.7, 67.8, 42.5, and 21.5 for 
the successive periods following the dose. This gives a consistent picture 
of the time relation of the alcohol effect, i. e., a relatively slight effect in the 
first half-hour following the dose, the maximum effect showing in period 3, 
somewhat less in period 4, and then a diminution until the end of the ex- 
periment. The average percentage of errors found in the first period, for 
the dose B experiments (1.70) is somewhat larger than the preliminary 
average value for the control experiments, or for the experiments with dose 
A. Since this is the case, it tends to make the alcohol effect appear smaller 
when we employ the preliminary of the day for this computation than when 
the contrast method is used. Thus computed, the percentages of effect for 
the different periods would be as follows: —10.0, +170.6, +113.2, +63.4, 
+54.7, +36.7, and +4.0. The average for periods 2 to 5 by the method of 
differences is a percentage increase in errors of +84.3, and by the contrast 
method the average is +101.1. We may assume that the increase in errors 
associated with the taking of dose B and in the 2 hours succeeding the 
dose is therefore for the practice sentence writing somewhat above 90 per 
cent. For periods 6 to 8, inclusive, the average by the method of differences 
is +31.8, by the contrast method, +43.9. The average of both methods 
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shows an increase of errors 2 to 34% hours following the ingestion of dose 
B amounting to about 38 per cent. 


Errect or ALCOHOL ON SPEED IN THE Most Simpie TypIna. 


In typewriting the practice sentence the subjects on the average were able 
to execute somewhat more than 6 strokes per second, the number being 
counted on the arbitrary basis adopted (see p. 42), which only allows one- 


TABLE 3.—Speed in typewriting practice sentences. 


Strokes per second at successive half-hour periods. 


Subject, date, and type 


of experiment. Prelim.| Following dose. 


1 
trol: 
Lig, DOD br BO ei ere sae 5.63 | 5. 5 5 ‘Be 5 
Ochewisee oo sen ce 5.45 | 5. 5 5 6. 6. 5. ‘ 
Reith) Octo. ate .ocen 6.15 6; 5 6 5 6.39 6.24 6. 
(OTS ria Sears Oe 6.75 6. 6 6 6. 6.27 6.65 6. 
Suf, ING Ve anne ce ee bee 5.95 | 6. 6 6 6. 6.30 Gray, 6. 
INOWre Pome ste mice ct 6.22 | 6. 6 6 6. 6.42 6.70 6. 
Hamu ey) eoiinesl Os cciectose 5.75 | 6. 6 6 6. 5.76 5.98 6. 
DODEL Se a. oeieints cose 6.29 6. 6 6 6. 6.40 677 6. 
Mabi(it) tine 22. sence ee. 6.47 | 6. 6 6 6. 6.49 6.25 6. 
VUNOEZ OD eee erin cs 6.14 6. 6 6 (oh) 6.47 6.41 6. 
Averages CA) a fc «ees aves 6.08 6. 6 6 6. 6.19 6.20 6. 
MO erences CL) severe i.e is «(Seneca +0.15 | +0.12 | +0.16 | +0.16 | +0.11 | +0.12 | +0. 
ohol, dose A: 
Lig, Oct mle ae tos os REY 5.52 aL AS! 5.53 5.19 5.56 5.48 5. 
ROC C)sWOCtMmELOn soto cctsccs 6.15 6.45 5.99 6.16 5.72 6.29 5.76 6. 
Suf, INGO Waee DO titata aioe ates ate 5.90 | 5.86 6.47 6.29 6.16 6.23 6.34 6. 
ann (bh ryuner lic. cscen eae: 6.32 6.50 6.38 6.45 6.21 6.30 6.52 6. 
MibpChtysane 23a cis uetele ore 6.22 | 6.52 5.86 6.02 6.04 6.19 6.26 6. 
IAMOLAS ERICA) \ aie a's wise aus as 5.99 6.17 6.09 6.09 5.86 6.11 6.07 6. 
Woiftterences (Lie es s4 nese | ease ee +0.18 | +0.10 |} +0.10 | —0.13 | +0.12 | +0.08 |} +0. 
ohol, dose B: 
Lig, (OGG tee te lore caictarersc 5.36 5.58 5.24 5.38 5.27 5.65 5.26 oe 
ROTICLE) @OCtiE tcc: sun: 5.88 6.25 5.90 5.75 6.03 6.06 5.94 5. 
Suf, INGVANCOR oer vcise% 6.09 | 6.22 6.28 6.36 6.45 6.18 6.31 6. 
Mama ll aune: 12 oases asians 6.05 6.54 6.40 6.27 6.57 6.68 6.42 6. 
Maba(EE)) Jumewe4dc.c.ccres 3 Ac 6.37 6.53 5.97 6.08 6.06 6.29 6.07 6. 
INVETARER (CAR) rei ctae sae 5.95 On22 5.96 5.97 6.08 6.17 6.00 6. 
Ditrerences (Cs) keris sats el|leame eens +0.27 | +0.01 | +0.02 | +0.13 | +0.22 | +0.05 | +0 
sct of alcohol, dose A: 
Differences for group (Di—D).]...... +0.03 | —0.02 | —0.06 | —0.29 | +0.01 | —0.04 | +0. 
Contrast for group (A;—A)...]...... —0.11 | —0.15 | —0.38 | —0.08 | —0.13 | —O. 
Per cent from differences.....|...... 
Per cent from contrast.......|...... 
ct of alcohol, dose B: 
Differences for group (D2—D).|...... 
Contrast for group (Az—A)...]...... 


Per cent from differences.....|.....- 
Per cent from contrast.......|....-- 


half stroke for each operation of the space-bar. In table 2, page 45, the 
average errors in the control experiments were seen to increase gradually 
from period to period. In table 3, which assembles the group data for the 
speed in writing the practice sentence, there is shown a slight increase in 
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strokes per second between periods 1 and 2, i. e., from 6.08 to 6.23. From 
this figure it changes less than 1 per cent throughout periods 3 to 7, in- 
clusive, and in period 8 it drops to only 6.12, which is slightly faster than 
the speed in period 1, and about 1.5 per cent slower than that in periods 
2to 7. From these values it may be judged that, in general, the performance 
of the group of typists was quite constant from period to period through- 
out the control experiments. 

For the group of days when dose A was taken, it is again seen that the 
speed in period 1 is not so great as that in periods 2,3 and 4. The speed in 
periods 6, 7, and 8 is also slightly faster than in period 1, but in period 5 
is somewhat slower. The second period, which is relatively free from the 
effect of the alcohol, since it followed within 10 minutes of the ingestion of 
the liquid, shows in general the fastest speed for any period in the group of 
days, i. e., 6.17 strokes per second. From this point there is a gradual slow- 
ing up, the minimum speed appearing in period 5, after which there is a 
small but regular recovery. Comparing the results with dose A with those 
following the control solution by using the difference method, we find the 
percentage alcohol effect to be +0.5, —0.3, —1.0, —4.8, + 0.2, —0.7, and +0.7, 
with an average of —0.8, for periods 2 to 8, respectively. By the con- 
trast method, the effect in periods 2 to 8, inclusive, is as follows: —1.0, —1.8, 
—2.4, —6.1, —1.3, —2.1, and —0.8, with an average of —2.2 per cent. The 
average alcohol effect for periods 2 to 5, judged by the combination method, 
is —2.1 per cent, while for periods 6 to 8 it is —0.7 per cent. 

When dose B was taken, the subjects averaged the following number of 
strokes per second for periods 1 to 8, inclusive: 5.95, 6.22, 5.96, 5.97, 6.08, 
6.17, 6.00, and 6.15. The extreme range of difference between the first 
period and the others is only 0.27, this difference appearing between periods 
1 and 2. Even in periods 3 and 4, when we might judge that the effect of the 
alcohol would be at its height, the subjects were able to write as rapidly on 
the average as they did in period 1. Here again the effect of alcohol on the 
speed of typewriting is only slight. According to the difference method, the 
maximum effect appears in periods 3 and 4, which are in order —1.8 and 
—2.3 per cent. By the contrast method, the effect is somewhat larger for 
periods 3 to 5, being —3.9, —4.3, and —2.6 per cent, respectively. Combin- 
ing the two methods of computing the effect, we find the average results for 
periods 2 to 5 to be a decrease in speed of less than 2 per cent and in 
periods 6 to 8, a decrease of less than 0.5 per cent. 


TYPEWRITING ScIENTIFIC PROSE. 


A skilled typist in successive periods of writing varies more in the ac- 
curacy than in the speed of work. In the nature of the case, it is seldom 
that the number of strokes per second would be changed as much as 100 
per cent between two periods of typewriting, whereas the number of errors 
in one period may easily be double or treble the number made in another 
period. The percentage increase in errors represents a different category 
from the change in strokes per second. It is somewhat the same as the 
difference between the amplitude and the latency of reflexes when these two 
factors are measured separately in any curve representing reflex response. 
We are prepared, therefore, to find a rather greater variation between com- 
parable preliminary periods in errors than in strokes per second. 


7 
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EFrect or ALCOHOL ON Accuracy In Copying Prosnz. 


In table 4, which shows the percentage of errors made by the group of 
typists in writing prose copy, the averages for preliminary periods on the 
control days and on the groups of alcohol days are 2.19, 1.66, and 2.34 per 
cent. This is a considerable difference and may not be ascribed to any one 


TaBLE 4.—Errors made in typewriting scientific prose copy. 


Per cent of errors at successive half-hour periods. 


) Sf = es ee ae a See 


ibject, date, and type 
of experiment. Prelim. Following dose. 
oe ee 
1 2 6 7 8 
utrol: 
Lig, Sept. 30..| 2.9 2.5 2.4 ads 2 4 Shit 225) 35477 
Octs* 3 2.0 1.9 2.4 2a2 3.84 3.9 3.9 283 
Roj (1); Oct. 5..} 2.2 1.9 2.9 33.83 2.8 3.3 1.8 2.3 
Oct O82 13-2 126 1.9 Be 2.2 3.6 pA 2.7 
Suf, Nov. 4 3.0 berg 1.6 155 1K) Ee f 1.4 1.4 
Novis ves) 2.0 ES: 2S 2.1 2.4 P55 2.7 Path 
Fam (II), June 10..} 1.3 ail 5 1.9 1.8 17 2.3 2.0 
wJune 13..] 2.7 HS5 PAM 2.0 Pes | 2.2 1.8 Pe} 
Mih (II), June 22..] 1.6 1.6 ial ads 13 0.8 1S 1.1 
June 25..] 1.0 0.8 0.8 1.1 ahaa! 1.0 0.8 0.6 
Averages (A)..... 2.19 1.74 1,90 2525 2.05 2.44 2.07 2.06 
Differences (D)...]...... —0.45 —0.29 +0.06 —0.14 +0.25 —0.12 —0.13 
phol, dose A: 
Lig, Oct.) Te .2-0 1.6 3.0 4.0 Sik Bie 3.1 3.3 
Roja). Oct. 6.41 1.2 2.5 3.4 5.8 2.9 4.8 Ba3 2.3 
Suf, Nove s-) 207. 24. 2.7 2.4 ileal) 2.6 2.3 2.3 
Fam (II), June 11..| 1.7 2.0 2aS 3.8 Sig 2.4 DP 2.6 
Mih (II), June 23..] 0.7 2a Tet f Sy 3 1.8 Tats 2 1.2 
Averages AQoeee 1.66 Zate 2.82 3.82 2.38 2.90 2.42 2.34 
Differences (D)). +0.46 +1.16 +2.16 +0.72 +1.24 +0.76 +0.68 
hol, dose B: 
Lig, Oct. +2 3.4 3.6 3.4 4.5 3.9 4.6 See) 3.6 
Roj (II), Oct. 7..] 2.0 2.0 Bi 7f 5.4 5.9 5.6 4,2 5.0 
Suf, Noy. 6..| 2.9 a ber 4.0 Bail 230 Dae 2.6 2 
Fam (II), June 12..] 1.9 ieee! 23 2.0 1.9 2.5 Ques 2.4 
Walsh). sine 24. i) 1.5 3.1 Se 3.0 2.4 2.5 VA 1.5 
Averages (A2)..... 2.34 2.44 332 302 3.16 3.58 2.78 2.96 
Differences (DE eee se +0.10 +0.98 +1.38 +0.82 +1.24 +0.44 +0.62 
ct of alcohol, dose A: 
Differences for group 
(UB bieoad BYR es eh are Pee [ese ae + 0.91} + 1.45] + 2.10] + 0.86] + 0.99] + 0.88] + 0.81 
Contrast for group 
(Gis. | ad eeee al aera —-- 0.38 | 4+ 0.92 |-=+ 1.57 | + 0.338} + 0.46 | -- 0.35 | + 0.28 
Per cent from differ- 
CNC fice cok. eee +47.2 +75.2 +108.8 +44.6 +51.3 +45.6 +42.0 
Per cent from con- 
LENE Ten SS ee a eS +21.8 +48 .4 + 69.8 | +16.1 +18.8 +16.9 +13.6 
t of alcohol, dose B: 
Differences for grou 
(D2—D).. oe ae lke Senate + 0.55} + 1.27) + 1.82] + 0.96] + 0.99] 4+ 0.56] + 0.75 
ri rou 
ee She: eteetrcee Or Onet LAD eo tray Tore eee te t4nest= O71) 0.90 
Per cent from differ- 
is oon ons Sa eee +24.2 +56.0 Sie plete? +42.3 +43.6 +24.7 +33.1 
Tom con- 
lee: Sic ac ea fermerreas +40.2 +74.8 + 65.3 +54.2 +46.7 +34.3 +43 .6 
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or two subjects. The extreme range between the averages for the various 
periods of the normal days is from 1.74 for period 2 to 2.44 per cent for 
period 6. There is no regularly characteristic change which seems to take 
place during the whole session. The preliminary for the experiment made 
with dose A shows only a small percentage error, i. e., 1.66 per cent, this 
being somewhat less than that found in any other period in table 4. Con- 
sequently, when the effects of alcohol are computed by the difference 
method, the small value for the preliminary period makes this effect seem 
large. The percentages from differences for the various periods following 
dose A on this basis are +47.2, +75.2, +108.8, +44.6, +51.3, +45.6, and 
+42.0, with an average of +59.3 per cent. 

The most legitimate way for us to correct for the fact that period 1 
with dose A is low and thus makes the alcohol effect high is also to compute 
the effect by the contrast method. Although there are some irregularities, 
still the percentage of errors made following the dose of alcohol is always 
greater, period for period, than the percentage of errors following the con- 
trol dose. We have for period 2, dose A, 2.12, as compared to 1.74 per cent 
following the control dose. By this method of direct contrast, the alcohol 
days show increases of errors due to dose A amounting to +21.8, +48.4 
+69.8, +16.1, +18.8, +16.9, and +13.6 per cent, with an average of +29.3 
per cent, as compared with +59.3 per cent when computed the other way. 
There is considerable probability that the direct comparison in this case 
is a more just expression for the results, but the combination method 
may also be used by averaging the results for the two methods. These 
averages for the effect of alcohol are therefore +54.0 per cent for periods 
2 to 5, and +31.4 per cent for periods 6 to 8. 

In the case of dose B, the normal performance gives 2.34 per cent of 
error, which is somewhat above the results for the normal days, just as in 
the case of dose A we have seen that the value for period 1 is somewhat 
below. The discrepancy with dose B is not so great as that with dose A, 
but this increase in basal level will tend to make the effect of dose B appear 
smaller, just as the use of the preliminary value made the effect of dose A 
appear larger. With dose B, however, all of the periods following the alco- 
hol dose give higher percentages of error than were found in the prelimi- 
nary periods. On the normal days, on the contrary, most of the periods 
following the control dose show results which have a less percentage of 
error than in the preliminary period. By the difference method, the effect 
of dose B for periods 2 to 8, inclusive, is found to be +24.2, +56.0, +58.2, 
+42.3, +43.6, +24.7, and +33.1, with an average of +40.3 per cent. When 
the alcohol performance following dose B is contrasted directly, period for 
period, with the normal performance following the control dose, we have 
percentages for the effect of alcohol as follows: +40.2, +74.8, +65.3, +54.2, 
+46.7, +34.3, and +43.6, with an average of +51.3 per cent. As an average 
of the 2 hours following the ingestion of alcohol, i. e., periods 2 to 5, the 
combination method shows increases in errors amounting to 51.9 per cent 
and for periods 6 to 8, inclusive, which cover 2 to 31% hours following in- 
gestion, the average increase in error is 37.7 per cent. By this method of 
presentation, the effect of alcohol appears to be as great with dose A as 
with dose B and, in fact, a little stronger in periods 2 to 5. There is reason 
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to think that this is an artifact. Probably the actual condition would be 
better shown by simply using the method of direct. comparison, by which 
the average effect for dose A in periods 2 to 5 is +39.0 per cent, while that 
for dose B in the corresponding periods is +58.6 per cent. A similar com- 
parison for periods 6 to 8 gives +16.4, and +41.5 per cent; therefore, in 
the first 2 hours, dose B, which was one and one-half times as large as the 
other (A), produced an effect 114 times greater than dose A, and this differ- 
ence is somewhat larger proportionately in the last three periods of the day. 


Errect oF ALCOHOL ON SPEED IN Copyina Pross. 


Judged from the standpoint of speed, the prose copy was about 17 per 
cent harder than the practice sentence work. When the practice sentence 
was written over and over, the average subject wrote about 6 strokes per 
second, while in copying the paragraphs of scientific prose, the average 
number of strokes was about 5 per second. (See table 5.) The preliminary 
period for normal days gave an average of 5.02 strokes per second. For 
succeeding periods on this same group of days, the value remains quite 
constantly about 5 strokes, the widest diversion from this being in period 
6, in which the speed is 4.75 strokes. The individual scores which make up 
this latter average are in every case smaller than the scores for the same 
subjects in period 5. The scores are also smaller than those in the succeed- 
ing period (No. 7), the only exception being Suf, on November 7. When 
we take into consideration the fact that in period 6 on normal days the 
average number of errors was greater than in period 5 or period 7 (see 
table 4), it seems probable that the copy for period 6 must have been more 
difficult. According to our experimental routine, the same copy was used 
in the same position in the two series of experiments with alcohol. Accord- 
ingly, if the copy for period 6 was more difficult on the normal days, this 
would likewise be apparent on the alcohol days. Incidentally, we may note 
that the number of strokes per second in period 6 after both dose A and 
dose B is less than the number in either period 5 or period 7. It is un- 
fortunate that there should have been this inequality in the copy. Such 
difficulties, it seems, only come to light after considerable experimentation 
with the material. 

The average strokes per second in the preliminary period before dose A 
and dose B are within 1 per cent of the preliminary average for the normal 
days; consequently the alcohol effect upon the number of strokes per second 
figured in both ways will be approximately the same. By the difference 
method there is an average alcohol effect for all periods for dose A of —2.6 
per cent in strokes per second. In periods 3, 4, and 5, the average effect, 
is —5.3, —4.0, and —4.4. In the other periods, the values are smaller and 
less consistent. If the effect of dose A is computed by direct contrast, the 
average effect in periods 2 to 8 is —1.4 per cent. For the 2 hours follow- 
ing alcohol (periods 2 to 5), the difference method shows an average effect 
of —3.7 per cent, and the contrast method —2.5 per cent; the average for 
these results is —3.1 per cent. In a like comparison for periods 6 to 8, 
the two methods give —1.3 per cent and +0 per cent, respectively, from 
which we may assume that there was no definite change. The difficulty in 
these periods seems to rise especially out of the results for period 6 which 


were previously discussed. 
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The effect of dose B on the speed of copying scientific prose is little, if 
any, more striking than that found with dose A. By the difference method, 
the results for periods 2 to 8, inclusive, are —1.8, —5.4, —3.6, —4.2, +0.4, 
+0.0, +1.6, with an average of —1.9 per cent for all periods. By the direct 


TaBLE 5.—Speed in typewriting scientific prose copy. 


Strokes per second at successive half-hour periods. 


Subject, date, and type 


of experiment. Prelim. Following dose. 
1 2 3 4 5 6 eg 8 
Control: 
Lig, Sept sOaseocreestes 4.48 4.56 4.60 4.46 4.55 4.22 4°52 4.44 
Octet Sh sooo 4.47 4.72 4.89 4.82 4.74 4.64 4.94 4.71 
Roy) hy) Octe, koaasciaaree: 5.41 5.33 5.25 5.06 5.09 4.84 5.16 5.13 
: eter “Sian ccc 5.70 5.69 § .52 5.23 5.52 4.85 5.09 5.00 
Suf, INOV. (ence Hecaeal 42038 4.08 4.11 3.85 4.14 Sit hts 4.15 4.15 
ING tn Serene ene 4.18 4.28 4.02 4.20 4.39 4.23 4.16 4.03 
BameGlt) jdrameial Op-rcemyerciae 5.08 5.32 5.23 5.22 5.43 4.80 5.51 5.61 
SUMED Meare eerie ee: 5.65 5.00 5,55 5.35 6.01 5.44 5.65 5.74 
Mahesh) erouine 22 e0q ae eras 5.61 5.74 5.79 Date bo aw 3) 5.52 5.74 5.19 
JUNG 25) ee bees 5.59 5.55 5.70 5.52 5.53 5.21 5.44 5.14 
INTENTS a0) Se oe ova CBO 5.02 5.08 5.07 4.94 5.12 4.75 5.04 4.91 
Differences) sa dee tees ale ene: +0.06 | +0.05 | —0.08 | +0.10 | —0.27 |} +0.02 | —0.11 
Alcohol, dose A: 
Lig, Oot Wl stan oxic: 4.40 4.76 4.52 4.54 4.58 4.50 4.50 4.42 
ROE) Octo Gest eue ccee 5.42 5.51 5.34 4.86 4.92 4.70 5.00 5.02 
Suf, INOVAET Oo eee eee 4.27 4.26 4.04 4.16 4.43 4.04 4.13 3.98 
Ramis dunes tayo 5.63 5.52 5.50 5.66 5.70 5.55 5.75 5.73 
Main) Sedunes 2a: erie 5.67 5.40 4.91 ALG bayamn t9 5.28 5.45 5.41 
Averages (Ag) snc «ae cineeers 5.08 5.09 4.86 4.80 4.96 4.81 4.97 4.91 
DitterencestG@h)n)..< cma ae cee ltetemnein +0.01 | —0.22 | —0.28 | —0.12 | —0.27 | —0.11 | —0.17 
Alcohol, dose B: 
Lig, OGtz eelsateceE ome 4.42 4.39 4.4] 4.39 4.48 4.42 4.63 4.41 
ROWELL) Oct: wa earccete cen 5.34 5.38 5.34 4.89 5.09 5.03 5.24 5.17 
Suf, INGVe MO oe ere ce 4.17 4.33 3.84 4.03 4.16 3.96 4.28 4.16 
Ineo (@UO)S duet WS Sb odo soa 5.40 6:82 5.54 5755 5.51 §.31 5.72 5.86 
MGR) erouine 4 eee aeecee o.i2 5.49 4.83 4.87 5.28 5.09 5.27 5.29 
Averages) (Ad), <<... +00. - 5.01 4.98 4.79 4.75 4.90 4.76 5.03 4.98 
Differences:(Ds)it: cette. iltaeees —0.03 | —0.22 | —0.26 | —0.11 | —0.25 | 40.02 | —0.03 
Effect of alcohol, dose A: 
Differences for group (Di—D).]...... —0.05 | —0.27 | —0.20 | —0.22 } +0.00 | —0.13 | —0.06 
Contrast for group (Ai—A)...]...... +0.01 | —0.21 | —0.14 | —0.16 | +0.06 | —0.07 | +0.00 
Per cent from differences.....|...... —1.0 —5.3 —4.0 —4.4 +0.0 —2.6 —-1.2 
Percent, from contrast. «as. « «cs « +0.2 —4.1 —2.8 —3.1 +1.3 —1.4 +0.0 
Effect of alcohol, dose B: 
Differences for group (Dz—D).|...... —0.09 | —0.27 | —0.18 | —0.21 | +0.02 | +0.00 |} +0.08 
Contrast for group (Ag—A)...]...... —0.10 | —0.28 | —0.19 | —0.22 | +0.01 | —0.01 | +0.07 
Per cent from differences.....]...... -—1.8 —5.4 —3.6 —4.2 +0.4 +0.0 +1.6 
Per cent from contrast.......|...... -—2.0 —5.5 -—3.8 —4.3 +0.2 —0.2 +1.4 


contrast method, the average effects for the same periods in order from 2 to 
8 are —2.0, —5.5, —3.8, —4.38, +0.2, —0.2, and +1.4, with an average of 
2.0 per cent. By both methods of computation there is a fairly definite 
effect in periods 3, 4, and 5, which ranges from about 3 to 6 per cent and is 
most pronounced in period 3. The difference method gives an average 
effect in periods 2 to 5 of —3.8 per cent, while by the contrast method the 
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effect is —3.9 per cent. In periods 6 to 8, the effect is in the opposite di- 
rection. By the difference method, it is +0.7 per cent, and by the con- 
trast method, +0.5 per cent. 


TYPEWRITING NoNSENSE MATERIAL. 
Errsct or ALtcoHoLt on Accuracy IN THE Most Dirriccir Typrna. 


The three classes of material which made up the three parts of the type- 
writing experiment—practice sentence, prose copy, and nonsense copy— 
characteristically show three levels of error. The average percentage of 
errors normally made by our typists in writing the practice sentence was 
about 1.5 for every 100 strokes; with the prose copy it was approximately 
2.0 per cent; in the nonsense material it was about 3.0 per cent. Such 
writing of groups of unrelated letters as was demanded in the nonsense 
copy is a very trying task, as well as a slow one, since the usual typewriting 
word and phrase habits are not allowed to function, so that the whole opera- 
tion is carried on at practically the greatest disadvantage. The results are 
given in table 6. 

The averages for percentage of errors in the 8 periods on the 10 normal 
days are fairly uniform from period 1 to period 6, inclusive, the widest 
range being from 2.86 to 3.16, approximately a 10 per cent range. During 
the last two periods, i. e., seventh and eighth, the percentage of errors in- 
creases to 3.68 and 3.84, respectively. The average preliminary value for 
period 1 for the five days with dose A is 3.08 per cent, which is almost 
identical with the preliminary value for the normal days, hence the two 
methods of computing the percentage effect of alcohol will give practically 
the same results for dose A. By the difference method, the alcohol effect 
with dose A for periods 2 to 8, respectively, is +31.4, +36.9, +8.4, +18.8, 
+34.7, —17.8, and +4.2, with an average for all periods of +16.7 per 
cent. If the alcohol effect is computed by directly contrasting the two sets 
of values without regard to period 1, we have percentage increases in error 
of +33.5, +36.8, +8.4, +18.3, +33.5, —15.2, and +3.1 per cent, with an 
average of +16.9 per cent. Period 7 seems curiously out of line so far as its 
sign is concerned, also period 4 as to the amount of effect at this point, the 
value shown being considerably smaller than those for periods 3 and 5. 
By the difference method the average for periods 2 to 5 is +23.9 per cent, 
and by direct contrast +24.3 per cent, which is close agreement at 24 per 
cent for the effect during the two hours following ingestion. For periods 
6 to 8 the differences show +7.0 per cent, while the contrast method gives 
+7.1 per cent, a further agreement which needs no comment. 

For dose B the preliminary first period value is considerably different 
from that for either dose A or the normal days, i. e., 2.20 per cent as against 
3.08 per cent. There is no explanation at hand for this lower percentage of 
error. It will be observed that Fam II, June 12, in the first period, has a 
score of 0.2 per cent for error. This is the smallest score that he or any- 
one else made in this test for nonsense writing, and as there are only five 
entries in each column of the dose B values, this naturally tends to reduce 
the average. With so small a preliminary value as we have here, the effect 
of the alcohol is prominent. For periods 2 to 8 in order, the percentages of 
increase in error by differences are +123.0, +84.2, +-103.8, +59.9, +45.9, 


56 ALCOHOL AND HUMAN EFFICIENCY. 


+46.6, and +53.4, with an average for all periods of +73.8 per cent. In 
general, the values for the periods covering the first 2 hours after ingestion 


TABLE 6.—Errors made in typewriting 5-letter nonsense combinations. 


Per cent of errors at successive half-hour periods. 


Subject, date, and type 
of experiment. Prelim. | Following dose. 


Control: 
Lig, Sept. 30.. 
OGiamme 
Roj (II), Oct. 5.. 
Oct. 8.. 
4 
of 


Suf, Nov. 
INOVa) dee 
Fam (II), June 10.. 
June 138.. 
Mih (II), June 22.. 
June 25.. 
Averages (A).... 
Differences (D)..|...... 

Alcohol, dose A: 

Lig, Octameleeiec 
ROWE) Oct. Gn etiee 
Suf, Noy tael) eh 
2 
3 
3 


Were NmNH RW Ob Ww bo 


NWPMORPRWMIRHKH OW SO 


Wa 
N~N 


WUTEH DW OWN Ww@Pr & ONKFRP RHE WKH PWD DO 


OCNORNON WHT wh 


NR wD NT Wo Swoon rkRW OSONORFWORRWWW PP 


DRAW HO 


KON RRONNON VA 


ono 
OHH ONR RE OOND 


Ia 
UAHKHARWHPROOO 
NORHONR ROOM 


‘© 0 
+} 

N POW OVW OWwWwnwoanw OWR RWW Rh Oro ow oO 
U1 ob 


noe 
+ 
mr CO OD He Or OCW Wr OR ww 


+ 


AIT OHBRARORWOWH OH 
+- 


Fam (II), June 11.. 
Mih (II), June 23.. 
Averages (A;)... 
Differences (Di)..]...... 
Alcohol, dose B: 

Lig, Oct! 2.41.3 
Roy) Oct. ov.ch 2 
Suf, INA Wools} 
0 

1 

2 


mom BR OOO OW CWONNFEKHhWHE RNP 
MBN ONO SONA NOH KE ADO 


KNOH GOO 
OOH OO 


my 
+ 
OONrRrN hb 


+ 

PSE) 

ce 

NO 

ame 

+e 

mW WOWRA OWNN PW COWHHEN HE PRR Re 

oo 

Ate. 

SywRounn 
nN 

Oa 


+ 
+ 


Fam (II), June 12.. 
Mih (II), June 24.. 
Averages (A2).... 
Differences (D2)..|...... 
Effect of alcohol, dose A: 
Differences for 
group (Di—D)...]...... 
Contrast for group 
CATA) ares sonra wee © + 0.96 
Per cent from dif- 
TOLONCOSE ose clei: [arene + 31.4 +36.9 


AWMHOMN AaHa 


NP WeE OOo 
oo 
-+ 


NPNMWONO 
oo 

mm whe CATO 
NPR WORE Oo 


NN 
oo 


a 


+ 
mr bo Ors bo OWNFWOh OW ROW OO PR OO 


DBOWOUINAan 


+ 

co CO 

+ 

NN 

-+ 

ww Nonwaeo 
aa? 


oa 
o 
ie} 
J 
+ 
tN 
+ 
o 


.26 


+ 
= 
B 
+ 
[i 
°o 
J 


=e 


+ 
_ 
_ 
ow 
+ + 
Oo. “6 
-» bv 
oO 
+ 
Oo 
Oo 
~I 
-- 
a 
i] 
oO 
| 
oO 
ao non 
o a 
+ + 
o oO 
—~ 
no w 


+18.8 +34.7 Shae! 


taStresce eee tal ome | + 33.5 +36.8 + 8.4 +18.3 +33.5 —15.2 
Effect of alcohol, dose B: 
Differences for 
group (D:—D)...|...... J+ 3.25] + 2.22] + 2.74] + 1.58] + 1.21] + 1.23] 4 1.41 
Contrast for group ; 
(Ag SrA rec onealioce a secre | + 2.36} + 1.33 | + 1.85 | + 0.69 | + 0.82 | + 0.34 + 0.52 
Per cent from dif- | ; 


fSranced i cae, aches +123.0 | + 84.2 | +103.8 | +59.9 | 445.9 | +46.6 | +53.4 


+ + 
wo 
ot iN 


ee ane ie Piers + 82.5 | + 43.3] + 61.9 | +22.2 | +10.1 | + 9.2 | 413.5 


are the larger, as we have almost uniformly thus far noted. If we dis- 
regard period 1 and directly contrast those which follow with the normal 
values, the effects are in order +82.5, +43.3, +61.9, +22.2, +10.1, +9.2, 
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and +13.5 per cent, with an average of +34.7 per cent. The average effect, 
for the two hours following alcohol by the method of differences is an in- 
crease in error amounting to +92.7 per cent; by the method of contrast, 
+52.5 per cent. There is thus a considerable discrepancy between the re- 
sults obtained by the two methods of computation. In this case the latter 
is probably the more trustworthy, but we may as heretofore combine the 
two, and obtain an average effect of +72.6 per cent. Similarly, the re- 
sults for periods 6 to 8 by the difference and contrast methods are +48.6 
and +10.9 per cent, respectively, the average being +29.7 per cent. The 
effect of dose B on the percentage of error is more than the proportional 
difference in the size of the alcohol content of the two doses. 


Errect or ALCOHOL ON SPEED IN THE Most Dirricutt TypINna. 


The differences normally occurring with the three types of copy are 
pronounced when the speed of typewriting is compared. From table 7, it 
appears that the average normal performance with the nonsense copy was 
about 2.5 strokes per second. This is just half the rate which was com- 
mon in writing the scientific prose. The average preliminary values for all 
three groups of days are practically the same, ranging from 2.54 before dose 
A to 2.69 before dose B, with the normal group of 10 days averaging 2.60 
strokes per second. Following the control dose there was not much change 
in the rate of typewriting until about the sixth period, when the speed de- 
creased slightly. By the difference method, dose A produced a slightly 
slower speed in periods 2 to 5, while beyond that point the results were 
apparently in the opposite direction. The alcohol values when compared 
directly with the normal values period for period, give somewhat larger 
effects. For the periods 2 to 8, they were in order as follows: —2.8, —4.8, 
—4.4, —2.8, +0.0, —0.4, and —1.3, with an average of —2.4 per cent. The 
difference method gives an average effect of —1.3 per cent for periods 2 to 
5, inclusive, as against —3.7 per cent for the contrast method. The com- 
bined average for these four periods is —2.5 per cent. For the interval 
represented by periods 6 to 8, the results are opposed, the difference method 
giving +1.8 per cent, while the contrast method shows —0.6 per cent. The 
average would thus be less than 1 per cent in the plus direction. 

The larger amount of alcohol, dose B, produced a somewhat larger effect, 
especially in periods 2 and 3. By the method of differences, the percentage 
effect for the periods in order are —11.7, —9.1, —5.3, —5.3, —2.3, —4.5, and 
—0.4, with an average of —5.5 per cent in the speed of writing the nonsense 
copy. These values are all in one direction and somewhat large, owing 
to the fact that the performance in the first period on dose B days was 
highest in average speed of any period included in table 7. When the 
periods following alcohol are contrasted directly with those following the 
control dose, the alcohol effect is —8.7, —6.0, —2.0, —2.0, +1.8, —1.2, and 
+3.4, with an average of —2.2 per cent. Hence, while the differences 
demonstrate an alcohol effect of —7.9 for the 2 hours following ingestion 
(periods 2 to 5), the effect according to the contrast method is —4.7 per 
cent; the average would therefore be a general decrease in speed of 6.3 per 
cent. This is the largest change in speed of typewriting in the 2-hour 
period which we have found in connection with any of the typewriting tasks. 
In the period from 2 to 31% hours after the alcohol (periods 6 to 8), the dif- 
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ference method gives an effect of —2.4 per cent, while the contrast method 
reverses the direction, that is, the average is +1.2 per cent. Since the 
average result by these two methods is —0.6 per cent, we must conclude 


Tasip 7.—Speed in typewriting 5-letter nonsense combinations. 


Strokes per second at successive half-hour periods. 


Subject, date, and type 
of experiment. Prelim. Following dose. 


Control: 
Lig, Sépt“s0iccacas eee 2.54 2.48 2.46 2.54 2.55 2.47 2.47 2.41 
Oct ASA o ae 2ab2 2.66 2.65 2.70 2.80 2.63 2.58 2.44 
Rojs(lt) MOCtwm Osetra 2.92 2.95 2.45 2.88 2.95 2.72 2.93 2.1% 
Ot. a Site secre 3.22 3.08 3.16 3.10 3.04 2.90 2.84 2.81 
Suf, INOVic daa aes ate i haeaarf 1.42 1.33 1.26 1.28 1.30 1.23 1.23 
INOVE. cule’ bade eee 1.47 1.52 1.43 1.47 1.28 1.35 1.35 1.30 
Fam (1b), dune. 10.0 s2cce 2.13} 2.12] 2.12] 2.06{ 2.29] 1.89] 2.08] 2.01 
RING Sinpseeuccs eeseae rs 2.56 2 ok 2.35 2.26 2.49 2.15 2.42 2.19 
WEiley (CED Ubi PO. ooo obocese 3.53 3.40 Sco 3.40 3.33 3.22 3.03 3.08 
JUMCN 20s erecacrets creuere 3.56 3.43 3.43 3.32 3.26 3.15 3.18 3.07 
ISTCREEECIR ch abe 2 he 2.60 BEDS: 2.50 2.50 ds) 2.38 2.41 rp | 
(Differences, CD) eeeteet ts <r) caer —0.07 ; —0.10 | —0.10 | —0.07 | —0.22 | —0.19 | —0.27 
Alcohol, dose A: 
Lig, Oete Leste nearer 2.58 2.63 2.48 2.63 2.66 2.54 2.53 2.44 
TaeonpC Dy, MOY ioe Gita oo ateeele 3.01 2.99 QoL 2.84 2.93 Zeke 2.76 2.75 
Suf, INOW oR OL eee cree 1.50 1.26 1236 1.32 1.34 1.27 1.32 1228 
jan) GUD limes Gas oes e 2.35 veh Wf 2.24 2.09 2.15 2.04 2.17 2.06 
IMEI GON) Aner PSRs aaa oe See 3.26 3.27 3.06 3.09 3.23 3.34 3.23 2.98 
Averages: (Ay )its 0:00 ess 2.54 2.46 2.38 2.39 2.46 2.38 2.40 2.30 
Differences: (Dymo cat cee elle —0.08 | —0.16 | —0.15 | —0.08 | —0.16 | —0.14 | —0.24 
Alcohol, dose B: 
Lig, OCbaemncinn cc.ae ore 2.73 2.50 2.41 2.58 2.59 2.49 2.61 2.60 
ROMCLE), VOctwme Generates 3.04 2.85 3.01 3.08 3.05 2.89 2.68 2.87 
Suf, INiOvs§ IO Hee ocitiee 1.54 1.36 1.26 1.34 1-35 1.39 1-32 1.26 
Hamid), June d2> enient sae aes 2.52 2.21 2.21 2.29 2.23 2.12 2.23 2.24 
Vials) ero timc none eee 3.60 2.64 2.87 2.97 mapa a 3.18 3.07 3.07 
Averages! (Ag) ic aclnsn a vet: 2.69 ARS 2.35 2.45 2.48 2.41 2.38 2.41 
mifterences (L)s)in. irises sail tae eee —0.38 | —0.34 | —0.24 | —0.21 | —0.28 | —0.31 | —0.28 
Effect of alcohol, dose A: 
Differences for group (Di:—D).]|...... — .01 ) = 506 = 05°]. — 201 1°49 064) a Obes 
Contrast for group (Ai—A)...|...... = 07.) — 312) —2.11))) = 207 = S008) Sar — os 
Per cent from differences.....]...... —0.4 —2.3 —-1.9 —0.4 42.3 +1.9 +1.2 
Per cent from contrast, ......|...... —2.8 —4.8 —4.4 —2.8 +0.0 —0.4 -—1.3 
Effect of alcohol, dose B: 
Differences for group (De—D).]...... =) Se | 24 DA 4 = 0G eo eae 
Contrast for group (Ag—A)...]...... = 422 [= 215] = 205) || = 05 1) e203 — oa ete 
Per cent from differences.....|...... —11.7 -—9.1 —5.3 —5.3 —2.3 —4.5 —0.4 
Per cent from contrast.......]...... — 8.7 —6.0 —2.0 —2.0 +1.3 -1.2 +3.4 


that there was no certain change in speed of typewriting attributable to 
the alcohol at this period in the experimental session. 


SUMMARY FoR Erect or ALCOHOL ON ACCURACY AND SPEED IN 
TYPEWRITING. 


The results for all three typewriting tasks thus point in the same direc- 
tion: (1) a slight decrease in the speed of typewriting is found, particu- 
larly in the first two hours following the ingestion of the alcohol, after- 
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wards becoming indefinite; (2) the alcohol effect on the speed of typewrit- 
ing in the first 2 hours is not uniformly more pronounced following dose 
B than after dose A, except in the writing of the nonsense copy, upon which 
the larger dose seemed to produce definitely stronger influence; (3) the 
effect upon the percentage of error made in typewriting all kinds of copy 
is very marked, the increase being from 50 to 100 per cent in the 2-hour 
interval following ingestion and usually 25 to 40 per cent in the interval 
2 to 3% hours following ingestion. About twice as many errors resulted 
from dose B as were found after dose A. 

Some of the errors made after alcohol were certainly recognized at the 
time of typing. Under ordinary circumstances many of these would have 
been corrected and the speed automatically reduced. We will examine vari- 
ations in the typing speed to note if it was equally smooth after alcohol 
and the large increase in errors will be further analyzed. 


VARIABILITY IN THE SPEED OF TYPEWRITING. 


In dealing with our typewriting data, the line has been made the unit 
and the results have been stated in terms of the average number of errors 
per line of typewriting and the average number of strokes per second for 
the line of typewriting. There were 20 lines of practice typewriting, 25 
lines of scientific prose, and 10 lines of nonsense copy. The mean variation 
for the number of strokes per second for the 20 lines of practice writing 
was determined separately for each period and each subject, and this mean 
variation was divided by the average number of strokes per second for 
the 20 lines of the period. In this way the coefficient of variability for 
the speed of writing the practice sentence was secured in terms of per cent. 
The same procedure was followed for the scientific prose and the nonsense 
material. We must content ourselves with publishing a summary table 
giving the averages, differences, and the alcohol effect for the two doses 
computed by the two methods which have been used throughout this chap- 
ter. The summary table 8 is arranged essentially like the tables which 
precede it, except that all individual results have been omitted. 

The normal percentage of variability differs somewhat with the three 
kinds of typewriting. When judged by the results obtained in the prelimi- 
nary period, the variability is 4.5 per cent with the practice sentence, 7.6 
per cent with the scientific prose, and 6.4 per cent with the nonsense copy. 
The lines of practice copy were always of the same length and required the 
same number of strokes when errors were not made; the same is true for the 
nonsense copy, so that the difference between variabilities of 4.5 and 6.4 
per cent has no other explanation than that the nonsense material was 
more difficult. In the scientific prose copy, lines differed slightly in the 
number of strokes required, but a factor of more importance is the un- 
equal difficulty of successive lines of the prose material. 

With the practice writing but little change is shown throughout the periods 
of the control experiment, the averages ranging from 4.4 to 5.6 per cent. 
The unpublished individual values range from 2.4 (oj II, October 8, period 
1) to 10.1 per cent (Lig, September 30, period 3). It may immediately be 
noted that the percentage variability is usually greater after doses A and 
B than after the control dose. The percentage effect of alcohol as com- 
puted by the contrast method for dose A shows an increase in variability 
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by 2, 14, 33, and 27 per cent for periods 2 to 5 in order, but beyond this 
point, i. e., in the 114 hours of the last three periods after the dose, the 


Tas.E 8.—Summary comparison of the percentage variability in the speed of typewriting. 


Prelim. Periods following dose. 


Type of data. 


PRACTICE COPY. 
Control: 
AVOLATOS.. hie diclle ute «ister : | 
Differences ieiaters sianersicle iets buotes| (ste seealets 
Alcohol, dose A: 
ANGLE ZCANSe scis.s pice oleense ators 
Differences. sic oun sc ceuere we etel| eee 
Alcohol, dose B: 
PAOLA TOS Mara caste.n vieisvereed ee is 
Differenceshs. cect: ss proetastec|aveet els 
Effect of alcohol, dose A: 
Per cent from differences 
Per cent from contrast......|....... 
Effect of alcohol, dose B: 
Per cent from differences 
Pericent irom: contrast, im.) e oa 
SENSE COPY. 
Control: 
AV OTAPER. said. ciel eicneie aly oie mans 
DOU ETONCOS sy eee a ieiccs licens ee 
Alcohol, dose A: 
LAV ErA GOS ween Py oereeials tents cere 
Differences), . ryan Mec care oreteralace eves 
Alcohol, dose B: 
(Ay OTOBOR seed nace ei tolciehd ete etece 
Differences e sndicteeten cere chit iainetanets 
Effect of alcohol, dose A: 
Per cent from differences 
Percent from contrast... seo eee 
Effect of alcohol, dose B: 
Per cent from differences 
Percent from contraste.....-|.. .. ee 
NONSENSE COPY. 


Control: 
IAVOLAROR een heels ei itieim care 6.4 6.2 8.2 6.3 7.9 6.5 7.0 ¥ fe 
Differancesyeme cnt de staincie sells on ters po 2 S18 Dee a ee 
Alcohol, dose A: 
WAV OTACOS stiaccth caste ysrei ee eaune ters 6.7 8.1 7.4 7.8 7.4 ice 8.1 8.8 
Differences: ce. soc e cee nee +14] + 7) +1.12 ) + 71 + 1.61 4+ 14) + 2a 
Alcohol, dose B: | 
AVOTARONs |. ce seek aia emeie 6.5 8.1 8.3 8.3 6.8 5.3 7.2 7a 
Differences: come ren arcane ieee +1.6] + 1.8] + 1.8] + .3 | — 2.2 } = a | ee 
Effect of alcohol, dose A: 
Per cent from differences.....|......- } +24 —17 +18 —12 +8 +12 +18 
Per cent from contrast......]....... +31 —10 +24 — 6 +12 +16 +21 
Effect of alcohol, dose B: | 
Per cent from differences.....]......- +28 +0 +29 —19 —20 +2 -5 
Per cent from contrast......|....... +31 +1 +32 —14 —19 + 3 -— 3 
AVERAGE ALCOHOL EFFECT. 
Dose A: 
Per cent from differences.....]....... +16 + 6 427 +8 + 4 +8 +14 
Per cent from contrast......]...... +15 + 5 +25 + 6 +3 + 6 +11 
Dose B: 
Per cent from differences.....]....... +12 +9 +20 -— 7 —10 — 2 -13 
Per cent from contrast......|....... +18 +13 +26 -1 -— 5 +3 — 7 
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variability seems to be less or of uncertain direction. With dose B, the sit- 
uation is similar. The percentage effect by the contrast method is +18, 
+31, and +28 per cent for periods 2, 3, and 4. Beyond the fourth period 
the effect is in the opposite direction, that is, a slight decrease in variability 
to the end of the experiment. 

The results for the sense and nonsense copy may be described in much 
the same way as those for the practice sentence. The sense copy gave 
variability values in the control experiments ranging from 4.2 to 13.5 per 
cent for the individual subjects. The group averages have a much nar- 
rower range (7.0 to 9.2 per cent) and tend to be larger as the experiment 
progresses. This tendency, which may be due to fatigue, is shown by all 
three groups of data. The variabilities following dose A are larger in 
periods 2, 3, and 4 than in the corresponding periods of the control experi- 
ment. Beyond period 4 they are usually slightly smaller. For dose B it 
so happens that the variabilities are in all the periods larger than the com- 
parable values following the control solution. The effect of alcohol for 
dose B is therefore plus in all periods, the maximum showing in periods 
4 and 5 with an increased variability of from 15 to 18 per cent. With the 
nonsense copy the results are not so regular with either dose A or B, espe- 
cially in magnitude, as in the other two groups of data. However, plus 
values predominate in the first three periods after the alcohol, thus sub- 
stantiating the data for practice and sense copy in showing a considerable 
increase in the variability of typewriting speed following the alcohol. 

A high grade of skill in any motor coordination is in general associated 
with a smooth, even flow of performance. For this reason the variability 
in the speed of typewriting is one way of measuring the excellence of the 
work. When the variability is stated in terms of per cent, 1. e., coefficient 
of variability, a common basis is given for direct comparison of the per- 
formance of each man in each typewriting task. The average alcohol 
effect for all three typewriting tasks after dose A, computed by the contrast 
method, is +15, +5, +25, +6, +3, +6, and +11 per cent for periods 2 to 8 
inclusive, with an average of +13 per cent in the first 2 hours after alcohol 
and +7 per cent in the 114 hours following. The average results for all three 
typewriting tasks after dose B by the contrast method are +18, +13, +26, 
and —1 for periods 2 to 5, with an average for this interval of +14 per cent, 
and an average for the next three periods of —3 per cent. While the two 
doses of alcohol in this case do not show such a large difference between 
themselves, with conspicuously larger effects for dose B than for dose A, 
it nevertheless is clear that the alcohol, especially in the 144 or 2 hours 
following its ingestion, produces an increased variability in the speed of 
typewriting. 


INTERVALS OF CONFUSION IN TYPEWRITING PROCESS. 


When subjects were writing the sense and nonsense material at the best 
speed of which they were capable, there often appeared intervals of 0.3, 
0.5, and 1 second or even longer when no strokes were made. Such pauses 
show distinctly on the kymograph record and may easily be distinguished 
from intervals when the carriage was shifted. These pauses represent 
confusion in the typewriting process, loss of position in the copy, lapses 
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of attention, a condition of block in the habitual coordinations of type- 
writing because of error just made, and probably other similar situations. 
When the copy is difficult and unfamiliar, such blanks may naturally be 
expected, but they are found to occur also in the kymograph records for 
the practice-sentence, writing. In this case the material was in mind and 
did not have to be copied from another sheet. The sentence was short 
and constantly rewritten. Since the practice-sentence writing was absolutely 
of the same difficulty from period to period, it appears most just in tabulat- 
ing these intervals of confusion to use this simplest of the typewriting tasks. 

The kymograph records for the practice-sentence writing were inspected 
and it was arbitrarily decided that wherever the line which was made by 
the Dodge duplex marker showed no deflection for 0.15 second, the blank 
would be considered a confusion point and measured. There was but one 
exception to these measurements. Whenever the record showed that two 
keys had been struck at the same time so that they locked together, this 
was not counted as a confusion point. The adoption of the same minimum 
for all subjects was arbitrary, but by this means all the records were 
treated alike. Two competent individuals went over the records carefully 
and marked every place where a pause or block of 0.15 second or longer 
had occurred. A third individual checked these points; they were then 
measured and the total obtained for each subject and each period. The 
total number of such blocks that individual subjects showed for different 
periods varied widely. The range in the control data is from 0 for Suf, 
November 7, period 5, to 35 for Mzh II, June 22, periods 7 and 8. Ro Il, 
Suf, and Fam II in general averaged four or five such pauses in each period. 
Ing usually showed 12 to 15 and Mzh II about 18 to 20 per period. Most 
of these were short. The average number for the preliminary period of 
control data was 10.5 pauses. The effect of alcohol on the number of such 
pauses was shown by an increase of approximately 25 per cent in the first 
two hours after doses A and B. 

Of more significance than the number of such occurrences is the time 
duration which they represent. The totals of all of the time intervals 
in the practice-sentence writing when progress was blocked and no strokes 
made for 0.15 second or longer are assembled in table 9. The number of 
lapses as well as their duration is thus combined in these scores. As 
seen in the averages for the control data, the total confusion time is 
normally about 2.60 seconds, increasing somewhat with succeeding periods 
and finally reaching in the eighth period 3.57 seconds. The preliminary 
average for the dose A experiments, 2.62 seconds, is much the same as 
the preliminary average for the control experiments. Following the alcohol, 
however, the total time increases markedly. The same may be said in 
reference to the data for the dose B experiments. Here the preliminary 
average is somewhat higher than the control value but the averages 
following the alcohol are still higher; in fact, that for period 3 is more than 
twice as high. The effect of alcohol in the experiments with dose A in 
terms of differences is +9, +59, +17, and +56 per cent for periods 2 to 5, 
averaging 35 per cent for the first two hours. Following the fifth period 
the sign is changed, and the values are much smaller on the average, 

By the method of contrast the effect for dose A in the first 2 hours after 
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alcohol is slightly smaller, that is, an increase of 32 per cent. Following 
dose B, the confusion time was especially increased in period 3, the effect 
being +133 per cent, but this decreased in period 4 to +36 per cent. In 


Tasty 9.—Total of all time intervals in the practice-sentence writing during periods of con- 
fusion when no stroke was made for 0.15 second or longer. 


Sum of confusion intervals during practice typewriting. 
Subject, date, and type 
of experiment. Prelim. Following dose. 
1 2 3 4 5 6 a 8 
ontrol: sec. sec. sec. sec. sec. sec. sec. sec. 
Lig, Sepbs0ipe cs ns 4.84 1.95 8.04 5.87 5.88 5.24 5.29 5.09 
OCS ee acs 2.81 5.90 3.300 1.23 1.67 5.26 6.31 4.38 
Roja Oct. “Boss ..% 2.08 1.96 97 .55 2.03 2.47 1.80 2.11 
Cotas. s 43 127 1.66 64 47 .97 1.25 3.19 
Suf, a oN es eee 1.80 .82 45 seek 1.90 .25 .59 .59 
INOVe: feces + .67 -61 46 1.00 .00 .93 44 1.01 
Farmstt)sJune 10). 21). 5 lie 1.18 1.48 1.62 4.59 1.71 eo . 62 
June) 13%. <..:.< .70 1.02 PIB? 3.26 2.49 5.57 .92 4.28 
Mih (II), June 22...... 5.63 7.69 6.48 8.01 8.81 da B5 9.07 9.26 
UNE ZO say). + 5.53 3.55 3.42 5.03 ont2 5.57 5.19 5.18 
Averages (A).........| 2.60 2.60 2.90 2.79 3.16 3.56 3.21 BabY/ 
Differences (D).......]...... 55004 0--).30') 42 219-) = 656) + 96 | + 261 |} 397 
lcohol, dose A: 
Lig, Oct Leki 2.32 4.12 2.97 5.24 5.96 3.62 4.17 Sek 
RowehLOct.mw Grae 05 1.58 .65 3.20 .83 4.95 .58 2236 .95 
Suf, IN GyramOteice = & 1.86 .84 .36 .00 .82 44 tl} 1.19 
HWamni(li), June 1%: .2... .99 .51 os 1.56 Perel 3.05 2225 2.92 
Mih (QI), June 23...... 6.36 8.11 14.99 8.67 8.76 8.13 6.76 6.59 
Averages (Aj).........| 2.62 2.85 4.45 3.26 4.64 3.16 3.25 3.47 
Differences. (D1).......|.....- + .23} + 1.83] + .64| + 2.02} + .54|] + .63 | +. .85 
Icohol, dose B: 
Lig, Octs 2.328): 7.04 5.62 5.97 6.06 5.60 2.36 3.97 5.09 
OTL L pROCtie Niece os 49 3.43 16.90 2.40 1.38 1.53 5.38 Lato) 
Suf, Naveen Oo acc. 1.15 we? 2.32 30 .53 130. 88 1.10 
Fam (il); June 12... .. 15 1.66 3.24 5.98 .78 1.69 84 1.00 
Minh (II), June 24...... 5.62 4.27 5.86 5.65 8.74 7.76 9.21 5.43 
Averages (Ag)........ 2.89 3.14 6.86 4.08 3.41 2.74 4.06 2.74 
Differences (Do)......|.....- 2S ens Oval = be LO 852) |) — AS | 17 — 15 
fect of alcohol, dose A: 
Differences for group 
CET ene etter, allicctoveret +23 +153 + 45 +146 — 42 + 2 — 12 
Contrast for group 
Carat) etnies, Sis ieee ds cite bskedacus +25 +155 + 47 +148 — 40 + 4 — 10 
Per cent from differences|...... +9 + 59 + 17 + 56 — 16 +1 - 5 
Per cent from contrast..|...... +10 + 53 + 17 + 47 -— ll +1 -— 3 
ffect of alcohol, dose B: 
Differences for group 
(GB Dy Kita ceeeor | CEOor +25 +367 +100 — 4 —lll +56 —112 
Contrast for group 
Ae TANS we a Micrel ioketacs Manic steee +54 +396 +129 + 25 — 82 +85 — 83 
Per cent from differences)...... +9 +133 + 36 - 2 — 40 +20 — 41 
Per cent from contrast..|...... +21 +136 + 46 + 8 — 23 +26 — 23 


the later periods, the percentage effect was most frequently a minus value, 
indicating some improvement as compared to the condition existing at 
the end of the control experiments. 
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In considering the speed of typewriting, we have endeavored to make an 
analysis on the basis of the number of strokes per second, the variability in 
the speed of typewriting successive lines of all three kinds of typewriting, 
and the pauses or periods of confusion when the subject failed to make 
strokes and did not progress. From this analysis and without entering 
the intricate maze of such details as individual typewriting habits with 
certain letters, letter sequences, words, and phrases, we find that the 
number of typewriting strokes per second is slightly reduced after alcohol. 
The even progress of the writing is apparently much more disturbed than 
the average speed. This has been determined by the coefficients of vari- 
ability for the speed of writing successive lines in each typewriting task, 
and by the smoothness of the performance which seems much disturbed 
by the alcohol. The latter disturbance is exhibited by a large increase 
in the amount of time when the subject’s typewriting processes are confused 
and blocked, so that he makes no strokes whatever. 


PRACTICAL LEGIBILITY OF TYPEWRITTEN Copy AFTER ALCOHOL. 


It may fairly be argued that, after all, the practical legibility of the 
copy which is produced by a typist is the real factor of merit, providing 
that the time element for the quantity of his work is not greatly altered. 
Certainly in the everyday office work of these five typists who were studied 
in the Laboratory, the object was to produce coherent, legible copy without 
ambiguity or any other difficulty. Undoubtedly in scoring our records of 
the laboratory performance, some of the errors which we have arbitrarily 
made of the same weight as the others, such as a double space between 
two words, are not very serious, since they in no way reduce the legibility 
of the transcript. 

For the sake of argument, we may arbitrarily admit that two of the 
errors counted in a line of typewriting (see p. 43) regardless of the kind 
of error, do not seriously decrease the legibility of the copy. If, then, we 
inspect all of the typewritten sheets which the subject produced on the 
regular experimental days and count for each page of copy the number 
of typewritten lines which contain more than two errors, tabulate the 
data individually, and compute averages as usual, we obtain thereby the 
data presented in table 10. Only the average results are presented. 

With the practice sentence on the control days, it is found that on the 
average about 2 of the 20 written lines contain more than 2 errors a line. 
The preliminary periods for dose A and dose B show the same value. In 
the first 2 hours or so following dose A, the number of lines containing 2 or 
more errors average from 2.4 to 4.2. In every period except the seventh, 
the averages are larger following dose A than after the control dose. The 
effect of the alcohol as computed by the contrast method is +63, +91, +0, 
+68, +90, —41, and +21 per cent for the various periods in order. After 
dose B the number of lines with more than 2 errors, instead of being 2, 
as is found after the control dose and before alcohol, is more nearly 5 lines. 
Every period following dose B is conspicuously larger than the correspond- 
ing period following the control dose. The alcohol effect is quite large and 
very regular. It is 30 to 60 per cent in the first period following alcohol, 
which in this case means within 10 minutes of the ingestion of the dose, 
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and approximately +250 per cent in period 3. It falls to about +180 in 
period 4 and thereafter gradually decreases, except that in period 6 the 
effect was somewhat larger than in periods 5 or 7. Even at the end of the 


Taste 10.—Alcohol effect in the three tests on the average number of lines of typewriting with 
more than two errors per line. 


: Prelim. i 
Rd A nt. Following dose. 
1 5 
PRACTICE COPY. 
ontrol: 
(Awerages @ an she sh stacks 1.6 | 22 220 
(Dit erences gets ies adie alallic deoateicns IGS Sse 
leohol, dose A: 
— Met hare eStats « 2.0] A 4.2 
SA EEON CORP aieia ta kis osha diets So 4 2A 
Icohol, dose B: decisis hi 
OPAMP CR Me ee ert,» aie ies, 30 2.0 .0 4.4 
Dyrsevencesavis sons tke nton oes co 3 OO}; + 2.4] + 
ffect of alcohol, dose A: 
Per cent from differences.....|....... + 72 + 78 
Per cent from contrast....../....... } + 9 + 68 + 90 
ffect of alcohol, dose B: 
Per cent from differences.....|.......] +189 + 83 +100 
Per cent from contrast......]....... +173 + 76 +110 
SENSE COPY. } 
ontrol: 
PAW OPAG ORT sro ccs sastarkts aya isk 3.4 | ‘5 Path 
at OreVCan atest. ce eect se| | aad eae | De ele ae 
lcohol, dose A: 
TA OPA COR ore inte on aipieee-ac dua iese 1.8 | 4 4.4 
PT OrENCCR Aree ones alan s = Letencke «6 | £6) + 2.6 | - 
lcohol, dose B: 
AN PTEALOB Sates ras fio ei ey o's 3.6 | .0 6.0 
PDiferonces ee mm nny Gans ic cess 4/424) 44 
ffect of alcohol, dose A: | 
Per cent from differences.....]....... | +127 +150 
Per cent from contrast......]....... + 63 + 54 
fect of alcohol, dose B: 
Per cent from differences.....]....... + 89 +100 
Per cent from contrast......|....... +122 + 86 
NONSENSE COPY. | 
yntrol: 
Tree cle oS es i A ee 2.2) 4 Ve 9 
PUT OUGN CES ohne eid cree ae ig oi| lo lereiooays (Sul ges Lesa: 
lcohol, dose A: 
PAN CLAD OSE I ettayitns wise eho ones 12 8 1.8 2.6 1.8 2.2 
Diserences posts: he ois Noein HE 560) se 46) so) ee Gai) £0 
lcohol, dose B: 
IA MOLAL GR nee erie te aye a) 12 See 202 2.0 2.8 3.0 
MTEL OTOUCER ier ciote, «oslo leveusl aye | araveialers, » ZrO pale On ees 8{/ + 1.6/ + 1.8 
ffect of alcohol, dose A: 
Per cent from differences.....]....... + 65 +100 + 41 + 53 
Per cent from contrast......]....... + 6 + 37 — 14 - 4 
fect of alcohol, dose B: | 
Per cent from differences.....]....... | + 88 + 65 +100 +100 
Per cent from contrast......|......- i + 29 are as + 33 + 30 
AVERAGE ALCOHOL EFFECT. 
ose A: Per cent from contrast..|....... + 46 + 60 - | + 27 
| +76 | + 67 | + 50 | + 38 


ose B: Per cent from contrast..]....... 
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experiment, the increase in the number of lines of the practice-sentence 
copy containing more than 2 errors amounted to 27 per cent. 

In the prose copying, a somewhat larger number of lines with more than 
2 errors occurred than in writing the practice copy. The preliminary 
period of the control experiment gives an average of 3.4 lines, which is 
somewhat larger than appears on the average after the control dose. The 
preliminary value for dose A is much smaller (1.8 lines) while for dose 
B it is about the same, 3.6 lines. Without exception in any period, the 
average after dose A and dose B is larger than that after the control dose. 
The effect of the alcohol as computed from the differences is large with 
dose A, this being due to the lower preliminary value with this dose. 
Probably the direct contrast method of showing the alcohol effect is the 
more logical in this case. The increase in the number of lines with 
more than 2 errors after dose A averages 58 per cent for the total period 
studied after the ingestion of alcohol. The effect was at its maximum, 
83 per cent, in period 4. The effect of dose B as computed by the same 
method increases until it reaches 136 per cent in period 3, then decreases, 
the averages being 128, 122, 86, 70, and 57 per cent, respectively, from 
periods 4 to 8. The average increases for the whole 7 periods following 
dose B is 96 per cent for the sense copy. 

The number of lines having more than 2 errors with the nonsense copy 
average somewhat smaller than either the sense or practice results. In 
the nature of the case, the nonsense copy had to be written at a much 
slower speed and did not involve word habits, unless in a negative way, 
because none of the five-letter combinations closely resembled words. 
Nevertheless, error combinations were frequent and the effect of alcohol 
in this case is much like that in the other two typewriting tests. The 
average number of lines with more than 2 errors is always greater for both 
doses A and B than after the control solution, except that in periods 7 and 
8 after dose A, the averages are not quite so large as those following the 
ingestion of the control dose. The preliminary values with nonsense 
writing for both doses A and B are relatively much lower than the average 
for the control experiments, so that the percentage effects computed from 
differences are similarly large. By the contrast method of computation, 
the average alcohol effect after dose A for periods 2 to 6 is an increase of 
31 per cent in the number of lines with more than two errors. The highest 
effect. occurred in the third period, in which a change of 63 per cent is 
noted; in the last two periods (7 and 8) the effect was negative, i. e., —14 
and —4. After dose B the strongest effect came in the second period, that 
is, the first test after alcohol, in which the increase is 167 per cent. The 
nonsense test was the last of the typewriting tasks and thus came later 
in the period, being removed from the complete ingestion of the alcohol 
20 to 25 minutes. The effect of alcohol after dose B is also prominent in 
periods 3 and 4, in which it is 63 and 129 per cent, respectively. Smaller 
increases are shown in all later periods. 

The average percentage effect of alcohol computed by the contrast method 
for all of the three typewriting tasks is given at the bottom of table 10. In 
the 2 hours following dose A, the average alcohol effect was an increase of 
49 per cent in the number of lines containing more than 2 errors, with 
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a maximum occurring in the third period of 70 per cent. The average for 
periods 6 to 8, that is, 3 to 414 hours after the alcohol was taken, shows 
a similar increase of 29 per cent. After dose B the increase in the number 
of lines with accumulated errors was 117 per cent for the average of 
periods 2 to 5, with a maximum occurring in the third period of 145 per 
cent, which decreased only slightly in the fourth period. The average 
effect in periods 6 to 8 with dose B was an increase of 52 per cent. 

When typewriting errors are consecutive, or more than 1 error is made 
in the same word, or the errors are such that whole words are dropped 
out or transposed, the factor of illegibility is greatly increased. We have 
attempted to measure this illegibility and thus estimate the practical 
excellence of the typewritten copy, by using a method of arbitrarily weight- 
ing the errors. For this purpose errors have been classified under three 
heads: (1) scattered, (2) consecutive, and (3) whole word errors. Under 
the first, one scattered error in a line is marked 1 demerit; two such errors, 
3 demerits; three such errors, 5 demerits; and so on, adding 2 demerits for 
each added scattered error in the line of typewriting. For consecutive 
errors, 2 are marked 10 demerits, three 20 demerits, four 40 demerits, and 
five 60 demerits, and so on, adding 20 demerits for each additional consecu- 
tive error. If there were 2 consecutive errors in one word or in one place 
in the same line, that place would be marked for 10 demerits, and if there 
were 2 in another place in the line, that place would be marked separately 
for 10 demerits, and likewise in other cases, the heavy penalty only coming 
when 4 or 5 errors actually followed immediately after each other. The 
criticism might be made that really such a case may be subjectively only 
1 error, since the typist may have simply lost his “home position” in 
fingering and be striking each key one place to the left or to the right. 
This is, of course, true, but practically such an error in any copy which 
a typist produces is extremely serious and in an office might easily result 
in his having to retype the whole sheet. Hence, even this situation, which 
is by no means always the one that accounts for the accumulation of con- 
secutive errors, logically takes a very heavy penalty. Under the third 
category (whole word errors) 10 demerits were given if 1 word was omitted, 
repeated, substituted, or 2 words transposed, 20 demerits for 2 words, 
and 30 demerits for 3 words. 

This scheme of weighting the errors and so determining the total illegi- 
bility factor for each sheet of typewriting was rigidly applied to all of the 
practice copy. This copy, since it always involved the same sentence, and 
thus the same material, and was equally difficult from period to period, 
and also since it involved the fewest number of word-writing habits from 
the typist, seems to lend itself best to such a treatment. The results 
pertaining to the illegibility factor for each subject are presented in table 11 
in the usual tabular form. There is a wide variation between the scores 
of different men and also between the scores of the same subject in different 
periods. Such a variation is to be expected in the factor under considera- 
tion and with the method of weighting which was adopted, since the 
accidental or incidental character of the phenomena is particularly em- 
phasized. Nevertheless, the averages for the various preliminary periods 
differ but little. Also, in the periods before and following the control 
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dose there is, considering the circumstances, no great deviation, the range 
in the averages being from 37 to 64 in the illegibility factor. In the 
averages following alcohol, with the single exception of period 7 after dose 


Tas _E 11.—Alcohol effect on the illegibility of practice typewriting. 


Weighted scores for errors at successive half-hour periods. 


Subject, date, and type | ; 
of experiment. Prelim. Following dose. 


1 
Control: 
Lig, Sept, oO. = 25 
Ochs jen. 7 
Ro (ID) s@cts oa 38 
OCteeS. sen 82 
Suf, Nove “4. ce0rs 48 
INOVienmdateeee 50 
Fam (II), June 10..... 5 
oune Udon oa 14 
Mih (II), June 22..... 58 
June 25... 2. 44 
Averages (A)....... 37 | 
Differences (D).-...)--.--- 
Alcohol, dose A: 
Lig, Octal sca. 34 
Roji(LE)pe Oct. Gaara 45 
Suf, INO Ven Omen? 4 
Fam (II), June 11..... 18 
Mih (II), June 23..... 53 
Averages (Ai)....... 31 
Differences (Dj).....|.....- 
Alcohol, dose B: 
Lig, Octies 2 ack 78 
FRO} Octemdare 78 
Suf, Nova 6: .2.- 2 
Fam (II), June 12..... 7 
Mih (II), June 24..... 46 
Averages (A2)....... 42 


Differences (Dz).....|...... 
Effect of alcohol, dose A: 
Differences for group 
(Dit= DD) Se en tociice anon 
Contrast for group 
(Ay =o A) Bee ONG UN OGe we Se five es 8k } 
Per cent from differences]...... 
Per cent from contrast..|......} 
Effect of alcohol, dose B: 
Differences for group | 
(Di D) Farah Beton eae 
Contrast for group 
(Age Ay amctonac nates 
Percent from differences|]...... 
Per cent from contrast..|...... 


\ 


A, the illegibility score is always larger than the corresponding average 
following the control dose. It is likewise to be observed that the average 
scores for periods following dose B are larger than the comparison scores 
following dose A, except in the last period, when they are practically the 
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same, i. e., 83 and 82. The results are so pronounced they need no 
emphasis in the text. Following dose A, the factor of illegibility was 
increased during the first 2 hours after alcohol by 55 per cent as an 
approximate average. Using the same method, that of contrast, which 
is here less liable to gross variation, the average change in periods 6 to 8 
was 21 per cent. Following dose B the change in the illegibility factor 
is extremely regular and of conspicuous magnitude. The average for 
periods 2 to 5 shows an increase of 168 per cent, with a maximum of 283 
per-cent occurring in the third period, from which the effect decreases 
until it reaches 30 per cent in the eighth period. The average for periods 
6, 7, and 8 is an increase in illegibility amounting to 92 per cent. 

If the practical excellence of typewritten material is to be judged on 
the basis of its freedom from such errors or such groupings of errors as 
make the contents of the material difficult of understanding, then it must 
be concluded from this investigation that 21 to 28 grams of alcohol given 
in a 14 to 22 per cent solution (dose A) reduces the quality of typewriting 
about 50 per cent for a period extending 2 hours after taking the alcohol 
on a relatively empty stomach, and continues to affect the typewriting 
unfavorably to the extent of about 25 per cent in the period from 3 to 4144 
hours after the alcohol. The taking of 32 to 42 grams of ethyl alcohol 
in 150 to 200 c. c. of liquid (dose B) decreases the excellence of the 
typewritten copy of easy practice-sentence work about 160 per cent 
as an average in the 2 hours after the taking of the beverage, and as much 
as 90 per cent even 3 hours after the alcohol is taken. This is clearly 
shown in table 11, where only the errors from the practice writing are 
weighted. If, however, reference is made to table 10, we find that even 
when the results are averaged for the three kinds of typewriting, the 
values for dose A agree well with the statements made as to the findings 
for the same dose in table 11. This is not the case with dose B, however, as 
the average for the first 2 hours after alcohol is 117 per cent when the 
number of errors in the three kinds of typewriting is counted, whereas 
when the errors are weighted for the practice sentence, the average effect 
in this 2-hour period is 168 per cent. This comparison is based upon the 
computations by the contrast method. 

In general, the averages obtained from the weighted errors, based on 
the practice sentence, are larger by both methods of computation than 
those found by counting the number of lines having more than two errors, 
not only when the total averages for all the periods are compared with 
those for the three kinds of typewriting, but also when compared with 
the results in table 10 for practice-sentence writing. It is thus evident 
that the typewriting, viewed from every angle at which it has been possible 
for us to treat the data in an objective and rigid way, suffers strikingly 
in legibility as a result of the ingestion of alcohol taken under the conditions 
used in these experiments.* These results for the effect of alcohol on 


“There are many odd and striking combinations of errors and particularly illegible and curious 
patches of typewriting, which could be illustrated and discussed at length. These, of 
course, have psychological interest but they do not lend themselves well to the type of 
objective treatment and presentation to which the writer is endeavoring to adhere in this 
monograph. 
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typewriting efficiency are substantiated by the data of Frankfurther* and 
Vernon,’ both of whom used simplified typewriting tasks in connection with 
alcohol investigations and found that speed was slightly reduced while 
errors were prominently increased. 


Errect or ALCOHOL ON Hrart-Rate During TYPEWRITING. 


All of the pulse data in the typewriting experiments were taken by use 
of the string galvanometer and body-leads applied to the skin below the 
armpits. The results obtained give direct records of the heart-rate in 
contrast to the pulse-rates recorded by other methods in some of the 
studies reported later in this monograph. The body electrodes were put 
on at the beginning of a session and worn constantly without discomfort 
for the 4 or 5 hours of the experiment. The records obtained by this 
method were very accurate, notwithstanding the considerable muscular 
activity. The only difficulty arose from the fact that the typewriter 
on which the subject’s fingers were playing was in contact with a direct 
current of 110 volts, but though many records showed some agitation of 
the string as a result of charged keys, the legibility was not impaired, and 
accurate measurements could be made. The technique of the measure- 
ments is described more at length on page 10. 

As may be seen from the experimental outline, three records of the 
heart-rate were taken in each period as follows: 

(1) Before the typewriting, with the subjects sttting quietly. In all such 
cases the subjects had been quiet for some minutes before the record was 
begun, and the photographic tracing continued for 15 to 20 seconds. The 
average pulse-cycle length was determined by dividing the number of cycles 
on the record into the corresponding number of seconds shown by the time 
line. The time could be determined accurately, as the speed of the paper 
was between 15 and 17 mm. per second. 

(2) While the subjects were in their final spurt of typewriting the 
practice sentence. This record actually covered the last two lines of the 
practice-sentence writing with each subject. Since they wrote at different 
speeds, the time interval represented could not be the same for all. It was 
in general from 15 to 20 seconds in length and included from 20 to 30 pulse- 
cycles. These pulse-cycles were all measured individually to 0.1 mm., 
as were the corresponding time intervals. The average duration of the 
pulse-cycle was determined and also the mean variation. 

(3) After 30 seconds of relaxation following the completion of the writing 
of the practice sentence. When the required number of practice lines had 
been completed the subject stopped abruptly and sat relaxed with his 
hands in his lap. After 30 seconds of this relaxation, a record of the 
heart-rate was begun which continued for 15 to 17 seconds. This record 
we have termed “recuperation heart-rate.” The average cycle length was 
determined as in the case of the rest pulse. The results after alcohol for 
the three different records associated with the typewriting will be considered 
separately and in order. 


® Frankfurther, Psychol. Arbeit., 1914, 6, p. 419. 

» Vernon, Med. Research Com., Sp. Rept., Ser. No. 34, London, 1919. 

* Miles, Carnegie Inst. Wash. Pub. No. 266, 1918, p. 92; also Benedict, Miles, Roth, and Smith 
Carnegie Inst. Wash. Pub. No. 280, 1918, p. 151. ; 
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Heart-raAts During Rest. 


It is important to bear in mind that the data for heart-rate associated 
with the typewriting experiments are recorded in terms of pulse-cycle length, 
i. e., time in 0.01 second between R and R of the electrocardiographic 
record. The records are not long (a concession to the 30-minute period), 
since each covers but 15 to 20 seconds. They are thus open to some 
criticism, for it is commonly recognized that the heart-rate is variable 
and a count of 30 or more seconds is often necessary to get a trustworthy 
result. It will be shown later that during actual typewriting a longer 
record would have been of little, if any, advantage, since the mean variation 
between successive pulse-cycles rarely amounts to as much as 10 per cent 
of the average cycle-length. In our discussion, therefore, increase in cycle- 
length means a decrease in heart-rate, while a shortening of the cycle-length 
in time duration means a quickening of heart-rate. 

The data for the resting condition preceding typewriting are recorded 
in table 12, which is the same in form as that used in presenting the type- 
writing results. For the 10 normal days (2 days with each of the 5 
subjects) the average cycle-length quite regularly increases from period to 
period. Starting at the average initial level of 80.4, it gradually lengthens 
until at the seventh period the cycle-length is 103.1 seconds. At period 8 the 
cycle-length has shortened about 1 per cent, but this is probably not 
significant. 

On the days when dose A was taken, the heart cycle-lengths for the 
preliminary period average 75.6. This shows a heart-rate which is 6 per 
cent more rapid than that found on the average in the preliminary periods 
of the normal days. The correspondence is thus fairly good. However, 
the record for period 2, which followed dose A by 15 minutes or less, shows 
a change in the average cycle-length to 82.0; hence for this period the 
alcohol effect as computed by the difference method is in the direction of 
a slower pulse, whereas in all the following periods the pulse appears 
to be quickened after alcohol, as the differences from normal are always 
less than those found in the corresponding control period. The average 
effect of the alcohol for periods 2 to 8 is —5.7 per cent. When the average 
heart cycle-lengths after the control dose and dose A, respectively, are 
directly compared, it is seen that period for period, those after alcohol are 
invariably shorter, even in period 2, indicating by this method of comparison 
a faster rate during all periods than on the normal days. The effect of alcohol 
stated in percentages for the periods in order are —3.0, —9.9, —10.0, —8.4, 
—14.1, —12.7, and —9.7, with a total average effect of —9.7 per cent. 
By the difference method, the average effect for periods 2 to 5, inclusive, 
is —2.8 per cent, whereas by the contrast method, it is —7.8 per cent. 
The average of these indicates an increase in heart-rate amounting to 5.3 
per cent. A similar comparison for the averages of periods 6 to 8 is by 
differences —9.7 per cent, and by contrast —12.2 per cent, or an increase 
in heart-rate of about 11 per cent as a result of the smaller dose of alcohol. 

The effect of dose B on the heart-rate during rest is likewise indicated 
in table 12. The preliminary average, 76.8, is within 5 per cent of 
the preliminary value for normal days. By the method of differences, 
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the alcohol effect for the periods in order are —2.9, —7.8, —7.0, —6.7, 
—6.5, —14.6, and —3.2, with an average of —7.0 per cent for all the periods 


following dose B. This is somewhat larger than found for dose A. Disre- 


garding the preliminary and directly contrasting the data for dose B with the 


Tas_LE 12.—Heart-rate with subjects resting quietly in sitting posture. 


. Subject, date, and type 
of experiment. 
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| Per cent from differences......|... 
| Per cent from contrast........]... 
| Effect of alcohol, dose B: 
Differences for group (Dz—D)..}... 
Contrast for group (Az—A)....]... 
Per cent from differences......|... 
Per cent from contrast........|... 


normal data, we find the percentage effects to be in order —7.0, —11.1, 
—10.0, —9.7, —8.7, —14.6, and —6.0 with an average of —9.6 per cent. 
For the 2-hour interval following ingestion (periods 2 to 5, inclusive) there 
is an increase in heart-rate represented by an average shortening of the 
pulse-cycle of —6.1 per cent and by the contrast method of —9.5 per cent, 
the average of the two methods being 7.8 per cent, as compared with 5.3 


Average cycle-length in 0.01 second at successive half-hour periods. 


Following dose. 


Sl eos 
Hees (Marthe 


COMwW wa 


COON 


| 


m= TO OD ounw 
ooneo No 


ONT 


J 


ow 


on oun ouUwo 
oorun oUF w 


| 
CADM WwWAIN 
MIWIOW BPAINO 


No 


moO Ho 


MuAH 


Fars) 


AHA WAR w 


No 


Omran wunor 


wo 


EFFECT OF ALCOHOL ON TYPEWRITING. 73 


per cent for dose A. The average for periods 6 to 8 shows an increase 
by differences of 8.1 per cent, and by contrast 9.8 per cent, with an average 
increase in heart-rate of 8.9 per cent. These results with dose B show 
a somewhat larger effect after alcohol in the latter part of the experiment, 
but this temporal relationship is not so prominent as with dose A. 


Heart-rate Durina Typewritina or Practice SENTENCE. 


Prior to the typewriting, the average heart-rate of our group of typists 
as they sat quietly was 75 to 80 beats per minute (0.80 to 0.75 second in 
pulse-cycle-length). During the experimental session, the heart-rate 
gradually decreased, as shown in the average for the 10 normal days, so 
that in the sixth, seventh, and eighth periods (see table 12) the average 
cycle-length was about 1 second, representing 60 beats per minute. From 
table 13 it will be seen that the heart-rate during the work of typewriting 
is definitely higher than that during rest in that the preliminary level is 
about 0.67 second per cycle, indicating a per minute heart-rate of approx- 
imately 90 beats. As found with the heart-rate during rest, the cycle- 
length on the normal days gradually increases until the level is approxi- 
mately 80.0, representing a per minute rate of 75 beats. The typewriting 
therefore produces a change in the pulse-level of approximately 15 beats 
per minute." 

The preliminary levels for the heart-rate in all three groups, i. e., normal, 
dose A, and dose B, are practically identical at 67, and therefore the 
alcohol effect as computed by both methods will be essentially the same, 
except for the fact that with the difference method the averages of the 
preliminary values for the normal and alcohol days (66.7 and 67.1) are 
being used constantly as the base for computing the percentages, whereas 
with the contrast method the longer pulse-cycle lengths in the successive 
normal periods are being used as the bases for the respective periods on 
the alcohol days. Following dose A, all the periods show a faster heart- 
rate with the alcohol; the maximum effect, 11.5 per cent, is in period 4. 
The average increase in heart-rate by the method of differences is 5.6 per 
cent and by contrast 5.9 per cent. A similar identity between the two 
methods is found when the periods are grouped. Periods 2 to 5 show 
average increases of 5.4 and 5.9 per cent, while periods 6 to 8 show in- 
creases of 5.9 and 6.0 per cent as a result of dose A. 

Following dose B, the effect of alcohol on the heart-rate during work 
is more prominent in periods 2 and 3 than was found relatively for dose A. 
The maximum appears somewhat later, however (in period 6), whereas with 
dose A it was present in period 4. The average effect for periods 2 to 8 
by the difference method is —8.1 per cent; by contrast the general effect 
for all periods is —7.1 per cent. Grouping the averages as usual, we find 
the average change for periods 2 to 5 to be 6.9 and 6.2 per cent by the 
two methods, with a combined average of 6.5 per cent. For periods 6 to 8, 
the averages are 9.7 and 8.2 per cent, respectively, with a general average 
of 9.0 per cent. The effect of alcohol upon the heart-rate with both rest 


@ Carpenter (Journ. Biol. Chem., 1911, 9, p. 231) found that metabolism during typewriting 
was increased 30 to 70 per cent with the subject writing at rates of 57 to 115 words per 
minute. 
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and work and after both doses A and B is relatively stronger in the last 
group of periods, or what roughly represents the second half of the ex- 


perimental day. 


Tasie 13.—Heart-rate during or immediately following rapid typewriting. 


Average cycle-length in 0.01 second at successive half-hour periods. 


Subject, date, and type 
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The records of the heart-rate taken during the work of typewriting were 
measured for individual pulse-cycles. These were entered separately, 
averaged, and the mean variation computed in each case. The data do 
not indicate that any progressive change was taking place during the 
interval when the pulse was recorded. 
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Errect or ALcoHOL ON RecuPERATION Heart-RATD. 


When the subject had finished the writing of the practice sentence and 
had been sitting quietly for 30 seconds, the heart-rate had returned to 
nearly the same level that it had shown prior to the typewriting. A com- 
parison of the average cycle-lengths for the various periods on the normal 
days during resting and during recuperation is as follows: 


Period EIN Ose tereme trite ola ke Srnerats arec vere 1 2 3 4 5 6 i 8 
During rest Reena reca te, cleus alia. ace vera 6 etek 80.4 84.5 87.7 90.9 91.9 99.9 103.1 101.7 
IVEQUDOLAUON ewes ett onie ne otis lenaahes 80.0 85.1 88.1 94.5 94.2 98.8 98.3 97.7 


The heart cycle-lengths shown in this comparison of period values are 
so nearly the same that it might be judged that we have to do here with 
simply heart-rate during rest. It will be noted, though, from table 14, 
that the recuperation rate is a little higher during the latter part of the 
normal experimental day, and also that the preliminary values on the 
days with dose A and dose B are both shorter than with the heart-rate 
during rest. In fact, the preliminary value preceding alcohol is so short in 
comparison with the average for the normal days that the alcohol effect by 
the difference method is not large and not always consistent. For dose A 
there is a slight increase in heart-rate for periods 2 to 6, inclusive, with 
slightly slower heart-rate in periods 7 and 8. The average for the entire 
experimental session is an increase in rate of 1.8 per cent. By direct 
comparison, the alcohol effect for dose A appears here to be considerably 
larger and is always in the same direction, the average effect being —8.7 
per cent. By a combination of both methods, difference and contrast, the 
percentage effects for periods 2 to 5, inclusive, is equivalent to an increase 
in pulse frequency of 5.7 per cent, while for periods 6 to 8, inclusive, the 
increase in rate is 4.6 per cent. 

The average value for the preliminary period on the days with dose B 
is 72.8, which is slightly lower than that on the days with dose A, but the 
effect of the alcohol is greater than with the smaller dose. All of the 
periods show percentage change in the direction of a faster heart-rate, the 
average by the difference method being 6.4 per cent. By the method of 
direct contrast, the effect due to the alcohol is larger, 12.9 per cent. During 
the 2 hours following dose B (periods 2 to 5), the average increase in heart- 
rate amounted by the difference method to 6.3 per cent, by the contrast 
method to 13.2 per cent or combined, approximately a 10 per cent increase 
in heart-rate. The average for periods 6 to 8 by differences is 6.6 per cent 
and by comparison 12.4 per cent, with a joint average effect of 9.5 per cent. 
For the recuperation heart-rate, the effect of alcohol is practically the 
same for both halves of the experimental session, whereas with the heart- 
rate during rest and work, the effect of alcohol has been larger in the second 
half of the session. 

One of the very important contributions from the study of Dodge and 
Benedict” was the establishment of a relative acceleration effect of alcohol 


@ The slowing of the heart is normally very prompt at the cessation of mild physical work. For 

pertinent data on the change in pulse-rate immediately following a 24-minute period of walk- 

ing on a treadmill, see Benedict, Miles, Roth, and Smith (Carnegie Inst. Wash. Pub. No. 280, 

1919, pp. 424-440). Even after a short period (6 to 10 seconds) of intense work, as in chin- 

ning the bar, the pulse-rate in normal subjects will return to about the pre-working level after 

30 seconds. (See pages 415 to 418, and especially figure 92, of the publication noted above.) 
Dodge and Benedict, Carnegie Inst. Wash. Pub. No. 232, 1915, p. 231. 
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on the heart-rate. For the pulse during rest they found that the cycle- 
length was shortened 5.3 per cent as compared with the pulse-rate in 
control experiments. The average effect of alcohol in their experiments, 
in which pulse-records were taken in connection with mental and physical 
work, is an increase in rate of 3 per cent. In our tables 12, 13, and 14 


Tasie 14.—Heart-rate after 30 seconds of rest, sitting quietly, following the typewriting of the 
practice sentence. 


Average cycle-length in 0.01 second at successive half-hour periods. 


Subject, date, and type 


of experiment. Prelim. Following dose. 
1 2 3 4 5 6 x 8 
Control: 
Lig, Soptss0 ashe aes 73 94 95 98 103 107 111 102 
Oct aac). corer 73 79 85 112 112 108 104 108 
RROD) mOCtss tOe tect a ne 83 81 87 99 93 102 89 97 
Oct Mrs ei eek es 74 72 83 80 85 85 82 83 
Suf, INGHS a4 ote aleve eitkencene 75 87 94 103 89 105 110 110 
INONeghe iter cee 99 89 93 104 111 106 116 107 
Pamela dune; lOc mace ola 143) 88 88 88 89 94 95 94 
Cheney IB Gs Sean oe 2 74 79 84 83 100 94 94 
Mah (Uh) = Jaume; 22). ares oh eee 88 100 89 94 89 ~ 94 94 94 
UNO US One ns skeke nies 88 87 88 83 88 87 88 88 
Avorages: (A) Se. geese wt wet 80.0 85.1 88.1 94.5 94.2 98.8 98.3 97.7 
Difteren ces) Srecerasacine oman ee + 5.1] + 8.1} 414.5 | +14.2 | +18.8 | 418.3 | +17.7 
Alcohol, dose A: 
Lig, Gothen se one 68 79 81 96 97 102 98 106 
Roy. sO ct.we Gl ease 72 77 84 83 87 91 92 86 
Suf, INOVARO sa Sciciowte 66 81 73 81 82 77 103 101 
Hanh) woune tls.. acrcaeencns 72 75 74 75 86 80 86 91 
Mih, DUNO PAS esc ketene 88 79 88 82 81 81 82 81 
WAV GY aes CAR). cjvavcaleres shart: won TEE oA 80.0 83.4 86.6 86.2 92.2 93.0 
Ditkerences® (D1) se ecsccis cesieiliclsenyers > + 5.0} + 6.8} +10.2 | +13.4 | +13.0] +19.0] +19.8 
Alcohol, dose B: 
Lig, Oct a2 eee ow 61 Cs 86 74 80 82 79 84 
RO CEL pe OGtians disc meets alee 81 78 82 92 86 88 87 90 
Suf, INOVime One oe th cee 72 cht e 72 80 84 90 104 104 
HAmMAED ee oUne aks oenren 72 73 70 7 75 76 84 88 
Mihi Gh) June 1240 ees. oes 78 70 80 83 83 79 78 78 
prea ane wueves deectmiapaso 72.8 74.2 78.0 80.2 81.6 83.0 86.4 88.8 
MITCTOD. CES (LIa)i era cntsierc ote teieil steiee ere + 1.4] + 5.2] + 7.4 8.8 10.2 8 
Effect of alcohol, dose A: 3 = 1 eee 
Differences for group (Di—D).}...... — 0:1; — 1.3 | — 4.3] — 0:8 | — 6.8]. 4 O.7 2 ioe 
Contrast for group (Ai—A)...|...... — 6.9°)-— 8.1 | —1i.1 ] — 7.8) | — 1206) = Brae ee 
Per cent from differences.....|...... — 0.1) = 1.7) — 5:6] — 1.0] — 7.6) +09) = 24 
Per cent from contrast. ......)...... — 8.1) —99:2.) —11.8.) — (82 | =12.8 |= ea ae 
Effect of alcohol, dose B: 
Differences for group (D2—D).|...... =— 3.7 | — 2.9 | —<7.1 | — 5.449 =] S68 ee ee 
Contrast for group (Az—A)...]...... —10.9 | —10.1 | —i4.3 | —12.6 |] —15.8 | —11.9°| — S44 
Per cent from differences.....|...... = 4.8 | — 3.8.) — 9.3 } =] 7.E 1s 6 2.2 
Per cent from contrast......./...... —12.8 | —11.5 | —15.1 | —13.4 | —16.0 | —i2. 1 | — 9.1 


which give the pulse data collected with typewriting, the cycle-length as 
seen in the averages for all control experiments progressively increases 
throughout the day. After alcohol the rate is no faster than that in the 
preliminary period which preceded the dose, but the progressive slowing 
in rate is much less. In other words, again a relative acceleration effect 
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is found, but the percentage change is larger. It is thus seen that the 
results are all in the direction of a faster heart-rate after alcohol, the 
average percentages being as follows: 


| 
Periods. Dose. Rest. Work. Recu- 
peration. 
2 to 5 A as 5.6 ond 
B 7.8 6.5 ORT 
6 to 8 A 11.0 5.9 4.6 
B 8.9 9.0 9.5 


The alcohol effect on the heart-rate is stronger with dose B than with 
dose A and is about equally strong 2 to 31% hours after ingestion, as in the 
first 2 hours. The fact that the heart-rate is quickened after alcohol, 
whereas the demands are supposedly the same as in the control experiments, 
is interpreted as a decrease in physiological efficiency. Data in later 
chapters will add to the evidence for the influence of alcohol on the 
heart-rate. 


EFFECT oF ALCOHOL ON PROTECTIVE Lip REFLEX. 


Comparative data of this measurement are available for only four of 
our typists. Mvih II had a refractory lid reflex, and even a loud sharp 
noise, such as is made by the discharge of a pistol cap, would scarcely 
cause the subject to wink perceptibly after the first two or three trials. 
As previously stated in the description of the technique (see p. 13), the 
first reflex is uncomplicated in most cases by voluntary winking. In many 
instances, however, the blinking follows the first reflex and interferes with 
the second one. For various reasons the number of records obtained with 
this reflex in one period (4) is so limited that it is not worth while to 
present the complicated data for the reflex which was produced by the 
second stimulus. 


Latency oF Lim ReEriex. 


The latency of the protective lid reflex as recorded by our technique 
usually ranges between 28 and 40 o, with a mean of about 37 o In 
general it is true, as with the patellar reflex, that large amplitude and short 
latency are associated on the one hand, and long latency and small 
amplitude on the other. The objective records for the protective lid reflex, 
as for the patellar reflex, are very clear and legible, but the events are 
represented by curves and we are confronted with a serious difficulty in 
establishing exactly the point on the curve where the line leaves horizontal, 
indicating the commencement of muscular response. 

In table 15, for the latency of the protective lid reflex, the preliminary 
period on normal days shows latencies which range from 26 to 46 o, with 
an average of 38. The averages for the periods which followed the control 
dose were in order 37, 38, 37, 36, 35, 37, and 37 c. It so happened that the 
latency obtained previous to dose A is 36 o, which is longer than the general 
average for the period immediately following dose A. In terms of per cent, 


78 ALCOHOL AND HUMAN EFFICIENCY. 


when. computed by the method of preliminary differences, there was no 
perceptible effect of the alcohol in period 2. In periods 3 to 8 in order, the 
latencies were apparently lengthened by the alcohol +5.4, +10.8, +10.8, 
+27.0, +2.7, and +10.8 per cent, with a total average for periods 2 to 8 of 
+9.6 per cent. The large effect in period 6 (+27 per cent) is in great 


Tasue 15.—Latency of the protective lid reflex as influenced by alcohol. 


Lid-reflex latency in 0.001 second taken at successive half-hour interval 


Subject, date, and type 


of experiment. Following dose. 


s 4 5 6 ff 8 
Control: o o o o o o 
Lig, Sept, OOP streisvasucete tre 26 25 24 25 26 26 
OCB tose tus roses 30 v5 29 31 28 35 
ROUGE), 6 O CGO Seow oars ere tes 43 44 43 40 42 41 
Octie1s Sern sis sees 39 45 39 45 41 42 
Suf, INOWVa: c4 emcee ite 44 40 41 37 37 37 
INOW idee ce cere 38 36 34 31 37 34 
Ham (iD) game LO Ceres sretersie ans 39 40 35 36 43 42 
JUNG Suse ta sores siete | 47 44 45 37 Al 38 
tA VeragesnCA) exerci miersmieieuctetste 38 37 36 35 37 37 
Hiierences (i) cnc mae eee wee stokes +0 -— 1 —2 — 3 —1 — 1 
Alcohol, dose A: 
Lig, LOS aw lise aes ease aoe 26 28 29 27 27 27 
IRONED) OGts © Ganse secretes 44 45 Al 48 40 47 
Suf, NOV Overs eee toe 41 37 35 41 36 39 
Ramin Dune lies eee eer | 40 47 46 54 39 42 
PAV Ora ges (ANGE one melanin 38 39 38 43 36 39 
Differences, (Pi)aescees cee lees +2 +3 +2 + 7 +0 +3 
Alcohol, dose B: | 
Lig, Ot? See ok 28 26 30 30 26 33 
Roya(EL) Octet smicricr clecierar 38 44 42 37 40 43 
Suf, INO VO ce ce me Gere one 43 43 42 43 43 47 
Hamil D)ewunewl 25 wee acaien woe | 40 40 42 46 44 31 
Averages (As) acs dew oc cinnce | 37 38 39 39 38 39 
Wiierences (WD s)c see eee | cee +0 +1 +2 +2 +1 +2 
Effect of alcohol, dose A: 
Differences for group (Di—D) +2 +4 + 4 +10 +1 +4 
Contrast for group (A1—A).....]...... | +0 + 2 + 2 +8 -—1 + 2 
Per cent from differences.......]...... : +5.4 |] +10.8 | +10.8 | +27.0 | 42.7] +10. 
Percent from contrast. o....0.-|o.< 46. : +0.0] +.5.4] + 5.6] +22.8] —2.7 | + 5. 
Effect of alcohol, dose B: 
Differences for group (D2—D) +0 + 2 + 4 ap +2 +3 
Contrast for group (Ae—A).....]...... | —1 +1 + 3 +4 +1 +2 
Per cent from differences.......]...... ; 40.0] + 5.4} +10.8} 413.5] 45.4] + 8. 
Percent trom con trastve clases leis ; —2.6| + 2.7] + 8.3 | 411.4 |] 42.7 |. + 52 


part due to the abnormally long latency (54 c) shown by Fam II. The 
average amplitude for these records was small, 2.5 mm. (see table 16, p. 80) 
that is, smaller than the same subject showed in any other period on 
June 11. There is at hand no good reason for discarding the records, since 
aside from latency they demonstrate no irregularity. 

The first period average on the days with dose A is 2 o shorter than the 
preliminary average for the control days, which is sufficient to exercise a 
considerable influence upon the percentage effect of alcohol as computed 


EFFECT OF ALCOHOL ON TYPEWRITING. 79 


by the difference method, with an average for all the periods of +9.6. 
When the averages in table 15 for the periods following the control dose 
and dose A, respectively, are directly contrasted, the alcohol values show 
longer latencies only in periods 4, 5, 6, and 8, while in periods 2, 3, and 7, 
the alcohol latencies are as-short or a little shorter than the normal. If 
one averages the whole group of periods 2 to 8, the average effect is 
found to be +4.4 per cent. By our usual method of combining the two 
averages, then, we may assume that the effect of dose A was, in general, to 
lengthen the latency of the protective lid reflex by about 7 per cent. For the 
2-hour period following dose A (periods 2 to 5, inclusive) the difference 
method shows an average effect of +6.8 per cent, the contrast method shows 
+1.4 per cent, the combined average being +4.1 per cent. A similar com- 
parison of the averages of periods 6 to 8 shows +13.5 and +8.5 per cent, with 
an average of +11 per cent. As we have seen, the computed effect for the 
latter part of this comparison is especially influenced by the results in 
period 6 for one man. 

The preliminary average for dose B is 37 «. The computation of the 
alcohol effect by the two methods will therefore in this case be a little 
closer to each other than the values obtained for dose A by like computa- 
tions. Since it may be observed from table 15 that there is no marked 
deviation in the average of any one period from the averages of the other, 
it may be assumed that the results which are computed will be some- 
what more trustworthy than those with dose A. On the basis of pre- 
liminary differences, the percentage effect of alcohol for the various periods 
following dose B is represented by these values: +10.8, +0, +5.4, +108, 
+13.5, +5.4, and +8.1 per cent, the average for the 7 periods which 
followed the dose being +7.7 per cent. When the alcohol performance is 
contrasted directly with the normal performance, the percentage changes 
are +8.1, —2.6, +2.7, +8.3, +11.4, +2.7, and +5.4 per cent. The average 
is +5.1 per cent. By the combined method, the average effect is therefore 
an increase of 6.4 per cent in the latency of the lid reflex following dose B. 
In the first 2 hours following ingestion (periods 2 to 5), the difference 
method gives an effect of +6.8 per cent and by contrast +4.1 per cent, 
with an average increase in latency of 5.5 per cent. The second 2-hour 
period, periods 6 to 8, inclusive, by differences shows +9.0 per cent, by 
contrast +6.5 per cent. The average change is +7.8 per cent. Dose B 
thus shows a consistently larger effect in the first 2 hours after ingestion 
than is found with dose A, but the latter, due to the irregularity mentioned, 
has seemingly a stronger influence in the second 2 hours after ingestion. 


AMPLITUDE OF Lip REFLEX. 


In the amplitude of response, the protective lid reflex varies percentage- 
wise more widely than in latency. As will be seen from data presented by 
Dodge and Benedict,’ the amplitude ranges between approximately 30 mm. 
and zero. With our subjects, and as a usual thing after a day or two of 
experience, the reflex which is elicited by the stimulus apparatus is not 
a complete closure of the eye, but rather a slight lowering of the lid which 
amounts to perhaps one-third closure. The largest average reflexes that 


a Dodge and Benedict, Carnegie Inst. Wash. Pub. No. 232, 1915, p. 63, table 4. 
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individual subjects demonstrated were about 12 mm. in our data. As seen 
in table 16, the group averages for the various periods on normal days 
are fairly consistent at a total average of about 44mm. The preliminary 
value is 4.5, while the preliminary for the dose A day is 4.8, but aside 
from this difference in the preliminary level, the amplitudes following 


Taste 16.—Amplitude of the protective lid reflex as influenced by alcohol. 


Lid-reflex amplitude measured at half-hour periods. 


Subject, date, and type 


of experiment. Following dose. 


2 3 4 5 6 uf 8 
Control: mm. | mm. mm. mm. mm. mm. mm. mm. 
Lig, SepticOs ase 10584 1220 6.1 9.1 10.2 8.8 8.5 10.2 
Octime oir ee DA | Ppt 3.4 6.1 6.9 5.0 4.0 3.5 
Rohl) pe Oct.. (0s see cr 0 250 1.4 1.2 1.2 1-3 1.4 y Jey 
OGthe Sita. ater s tae 3.6 | 2a2 oat 3.0 227 2.5 1.5 3.4 
Suf, NOV 442. eae ce 3.3 1.8 1.2 2.0 2.0 2.4 2.2 2.2 
INOVes 4 serotonin 1.5 | 1.4 Zed 3.1 ae 2.4 2.6 1.2 
Rami) unend Omer Ted 6.5 7.0 6.5 ae 5.2 5.2 4.7 
JUNE SS. cRee 652 hee LO) 4.2 3.9 4.3 5.8 10.0 6.5 
(Averages: (A). ean a 4.5 | 4.9 3.6 4.4 4.4 4.2 4.4 4.3 
Differences2(1)) esas reercecs cen erste | +0,.4] —0.9| — 0.1] — 0.1} —O3) —G2i— Uz 
Alcohol, dose A: 
Lig, Oct aap Lenten ae cee 5.0 9.9 vfs) 7.8 6.0 6.0 8.0 
Roig) Oct One eraeiecieare 0.1 y heey 8 1.0 2.0 0.4 1.2 0.4 
Suf, INGVen On ene ae nee 1.0 1.0 1.0 1.0 1.0 1.0 2.0 
Famn(ity,Jumeal Ie, ae esis Wiad (ie? 4.5 6.3 2.5 5.5 5.5 
A ETA es CAG) fain cheer & Se> 4.8 329 4.3 2.5 3.4 4.0 
Differences) rossi eacaesisllisinecee = 1.3 | + 0.0} — 1.3 | —0:5 | — 2.3.) — 1) Ore 
Alcohol, dose B: 
Lig, Otte. 2 > ace Seo 6.0 Tad 6.5 7.5 ihoo 6.2 
UO TNCLL) tae O Chae (ings eeeie aera 1.4 Lo 120 2.0 1.4 3.0 1.4 
Suf, INOW ig Os icteric 120 1.2 1.5 10 0.8 24 1.4 
Hanae (hue elo tracmrce vet 4,2 8.2 6.3 6.0 3.9 8.0 6.0 
Averages (Ao)............. Ze0 4.2 4.1 3.9 3.4 5.9 3.8 
Differences (Ds) = ey remrneic emis — 3.6| — 1.9] — 2.0 ].— 2.2} — 2.7] — 0.2} — 2.3 
Effect of alcohol, dose A: 
Differences for group (Di—D).}...... —1.7|/ +09] —1.2|] — 0.4] — 2.0} —1.3] — 0.6 
Contrast for group (Ai—A)...|...... —1.4/ +1.2} —0.9| —0.1} —1.7] —1.0] — 0.8 
Per cent from differences.....|...... —37.0 | +19.5 | —26.1 |] — 8.7 | —43.4 | —28.2 | —13.0 
Per cent from contrast.......]...... —28.6 | +33.3 | —20.4| — 2.3 | —40.5 | —22.7| — 7.0 
Effect of alcohol, dose B: 
Differences for group (De—D).}...... 1} — 4.0} —1.0} —1.9}] — 2.1] — 2.4] —0.1] — 2.1 
Contrast for group (Az—A)...|...... —2.4/ +06] —0.3] —0.5| —0.8}| +1.5| — 0.5 
Per cent from differences.....|...... —75.5 | —18.8 | —35.8 | —39.6 | —45.3 | — 1.9} —39.6 
Per cent from contrast.......|...... —49.0 | +16.7|} — 6.8| —11.4 | —19.0 | +34.1 | —11.6 


dose A are, with one exception, smaller than those following the control 
dose. When the amplitude is small, as in this case, a change of 1 or 2 mm. 
makes a rather large change in terms of per cent. By the method of 
differences, the results for dose A show an average decrease in size of 
response amounting to —19.6 per cent; the average percentage effect by 
direct contrast is —12.6 per cent in size of response. By both methods of 
computation there appears to be an increase in size of response occurring 
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in the third period; otherwise the signs for the 7 periods are all in the same 
direction, and the average result by both methods of computation would 
be a decrease in amplitude amounting to 16.1 per cent following dose A. 

The preliminary value for dose B happened to be the largest average 
amplitude of any period, 6.1 mm. This is unfortunate and shows again 
the difficulty in presenting the alcohol effect uncomplicated by extraneous 
conditions. Since the preliminary value is so high and the averages follow- 
ing the taking of dose B are as small or smaller than those following dose A, 
which were seen to be smaller than after the control dose, the effect as 
computed by the preliminary difference method is large and all the signs 
must necessarily be in one direction. For periods 2 to 8, inclusive, the 
percentage effects as computed in this way are —75.5, —18.8, —35.8, —39.6, 
—45.3, —1.9, and —39.6 per cent, the average being —36.6 per cent. When 
the effect of the alcohol is computed by direct comparison, it will be seen 
from table 16 that the amplitudes in periods 3 and 7 are considerably larger 
following dose B than they were following the control dose; hence for these 
two periods the results are in the opposite direction and amount, respectively, 
to +16.7 and +34.1 per cent. For the other 5 periods the alcohol ampli- 
tudes are smaller, ranging from —6.8 per cent in period 4 to —49.0 per 
cent in period 2. The signs are therefore 5:2 in favor of a decrease in 
amplitude of reflex following dose B. If we average the values for the 
percentage effects in the 7 periods following ingestion, we obtain —6.7 
per cent, which is considerably different from the former average of —36.6 
produced by the method of preliminary differences. The data strongly 
indicate that the effect of alcohol in reducing the amplitude of the protec- 
tive lid reflex is of considerable magnitude, but the measurements present 
so much inherent variability that it is difficult to set an actual value. 

The increased latency and decreased response found for the protective 
lid reflex after alcohol in this series is in full agreement with results for 
the same measurement in former alcohol publications from the Nutrition 
Laboratory. 


Errect or ALCOHOL ON FinceR MovEeMeENTs. 


As used in the studies on alcohol and described on p. 16, a finger move- 
ment consists of both phases (extension and flexion)—that is, a complete 
oscillation. From Dodge and Benedict’s* data it will be found that their 
subjects, on the average, could perform in 6 seconds 35.8 finger movements. 
The range was between 27.8 and 45.3 movements. The man showing the 
smallest rate was their subject VI; Miles’ made further experiments on 
this subject and also found he could perform in 6 seconds an average of but 
28.4 finger oscillations. These quoted data are for normal or non-alcohol 
conditions. 

In the nature of the case, trained typists may be expected to do this test, 
somewhat better than an ordinary subject, since there are certain similari- 
ties between the finger-movement test and the fingering of the typewriter 
keys; thus the measurement may be considered a closely related process 
to typewriting. It is no special surprise to find in table 17 that the four 


@ Dodge and Benedict, Carnegie Inst. Wash. Pub. No. 282, 1919, p. 182, table 30. 
> Miles, Carnegie Inst. Wash. Pub. No. 266, 1918, p. 86, table 15. 
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typists on whom this test was made show an average for their preliminary 
value on the normal days of 42.7 movements, which is about 19 per cent 
faster than the average for the subjects of Dodge and Benedict. It is 
rather remarkable, however, that their performance in this test is so 
consistent throughout, the preliminary averages being for the three groups, 
42.7, 42.9, and 42.5 oscillations. The successive periods for the normal 


Tasie 17.—Number of finger-movement oscillations performed in 6 seconds. 


Speed of finger movement tested at successive half-hour periods. 


Subject, date, and type 


of experiment. im.| Following dose. 
2 3 4 5 6 if 8 
Control: 
Row D ie Octo. Oasis 41.6 40.8 40.3 41.0 42.0 39.6 40.4 40.5 
OGbas eS totoateie ne 43.5 40.8 38.6 42.0 43.8 42.8 43.0 41.8 
Suf, INOV: CES Soe 38.6} 39.3 39.0 37.5 38.8 39.2 40.5 40.5 
NOV SLT ieee 37.5 | 39.3 38.8 39.5 40.4 39.5 39.8 38.5 
HWams(1h) June DO). ces nese 37.7 1 38.0 383 38.0 39.0 38.2 38.0 38.3 
UNO Sects ee 38.0 39.5 39.0 36.4 38.5 39.8 38.5 39.0 
Mib (ED, June 2225.5.2.2... 53.0 54.0 53.5 61.2 53.5 51.0 51.5 52.7 
JUNG) ZO ars s-senarenye 52.0 55.5 52.5 52.5 53.5 54.2 54.0 52.0 
VAN OTAROA ICA) ence chasis wise ors 42.7} 43.4 42.5 42.3 43.7 43.1 43.2 42.9 
Differences (D) in. wee eee | +0.7 —0.2 —0.4 +1.0 +0.4 +0.5 +0.2 
Alcohol, dose A: 
Royi(hL)y Ootsa Owe te ccteie oe 41.8} 40.2 40.8 41.0 41.5 42.0 41.5 42.0 
Suf, INOVat Or cone eich 39.5 | 37.9 36.8 See: 38.0 38.7 37.0 37.4 
Kam (ED) June 12 een oe 39.3 | 37.8 39.0 37.5 39.4 ST 38.5 38.2 
Mibs (LE); wun: Zone cine 51.0} 50.0 51.0 51.0 51.5 52.6 52.0 blow 
EAVera ges) CA neces sisiree specie 42.9] 41.5 41.9 41.7 42.5 42.7 42.2 42.3 
Differences (D1)...........J.....- | —1.4 —1.0 —-1.2 —0.4 —0.2 —0.7 —0.6 
Alcohol, dose B: 
RO} CUD a OCbe mr (crs. tonace 43.2] 40.2 40.6 38.4 40.0 39.6 39.4 39.0 
Suf, INO VEG. ta en eee SIEM Olas 37.0 soe 36.4 Sh ees: 37.0 36.6 
Ham Dye JUNO aioe cco oes 38.3 ] 38.5 40.0 40.5 40.0 39.0 41.6 39.8 
MinIL), Sune 24-cacewen ck 50.6 | 48.7 51.1 50.7 48.8 51.5 51.0 49.8 
AVOraAzes CAs) is cece Can 42.5 41.1 42.1 40.7 41.3 41.8 42.2 41.3 
Difterenoes.(Ds)c.< coe een ts ee —1.4 —0.4 —1.8 —-1.2 —0.7 -—0.3 —-1.2 
Effect of alcohol, dose A: | 
Differences for group (Di—D).}......| —2.1 -—0.8 —0.8 —1.4 —0.6 —1.2 —0.8 
Contrast for group (Ay—A)...}...... | —1.9 —0.6 —0.6 —1.2 —0.4 —1.0 —0.6 
Per cent from differences.....|...... —4.9 —1.9 —1.9 —3.3 —1.4 —2.8 -1.9 
Per cent from contrast.......]...... —4.4 —1.4 —1.4 —2.7 —0.9 —2.3 —1.4 
Effect of alcohol, dose B: 
Differences for group (Dz—D).|...... —2.1 —0.2 —1.4 —2.2 -—1.1 -—0.8 —-1.4 
Contrast for group (As—A)...]....... —2.3 | —0.4 | —1.6 | -—2.4 | -1.8 | -—1.0 } —1.6 
Per cent from differences.....}...... —4.9 —0.5 —3.3 —5.2 —2.6 —1.9 —3.3 
Per cent from contrast.......]...... | —5.3 —0.9 —3.8 —5.5 —3.0 —2.3 —3.7 


days show slight variation in their averages; the range is from 42.3 to 
43.7 movements, which is a variation of about 3 per cent. Following 
both doses of alcohol there was a slight but consistent decrease in the 
number of finger movements which could be executed. 

With dose A, the difference method gives a minus effect in all periods, 
ranging in size from 1.4 to 4.9 per cent, with an average decrease for the 
7 periods of 2.6 per cent. When computed by the contrast method, period 
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for period, it is again found that all the signs are minus, with the values 
ranging in size from 0.9 to 4.4 per cent, averaging for the 7 periods —2.1 
per cent. Computed by both methods, there is an average decrease of 2.3 
per cent in speed of finger movement. In the 2-hour interval following 
ingestion, the change is by differences 3.0 per cent and by contrast 2.5 
per cent with an average of 2.8 per cent. The average for the subsequent 
11% hours is 1.8 per cent, indicating a return in the direction of normality. 

The finger-movement results of dose B for the four typists on whom there 
are comparable data show very concordant results, both by difference and 
contrast methods. All signs for the various periods are in the same 
direction, indicating a decreased speed of finger movement. On the basis 
of differences, the percentage change ranges from 0.5 to 5.2, with an 
average for the 7 periods of 3.1 per cent, whereas the average by the 
method of contrast is 3.5 per cent. Dividing the interval following inges- 
tion in the usual way, i. e., averaging the results for periods 2 to 5 and 6 to 
8, it is seen that the combined method gives us decreases in number of 
finger movements of 3.7 and 2.8 per cent in contrast with the results for 
dose A with decreases of 2.8 and 1.8 per cent for the same intervals. 
Dose B thus gave a consistently stronger effect than was found with dose A. 
The effect of alcohol on the speed of finger movement with the typists 
is approximately of the same magnitude as that found on the speed of 
typewriting and in both cases represents a decrease in efficiency. The 
effect is in the same direction, but less than that found by Dodge and 
Benedict,* who report the average result for a finger-movement test of 
6 seconds given in the same way as a change of 9 per cent. 


Errect or ALCOHOL ON Eve MovEeMENTs. 


As hinted in the description of the technique for this measurement (see 
p. 15), the two movements (adductive and abductive) are not of equal 
duration. For the right eye to execute a movement from the right-hand 
fixation mark to the left-hand mark (the adductive movement) requires a 
longer time by 10 or 15 per cent than to make the movement from the 
left-hand fixation mark to the right-hand mark (the abductive movement). 
The distance to be traversed is the same. Since there is this characteristic 
difference between the two movements, we have treated them here as two 
separate events and have tabulated the data separately. 


Appuctive Eye Movements. 


Table 18 shows the individual averages for eye movement to the left. 
There is a surprisingly wide variation in the values for the different subjects, 
but the individual men on any one day are fairly consistent with them- 
selves. The preliminary values for the three groups of days are not very 
far apart. For the normal days, the duration of the movement is 115.4 0; for 
the days on which dose A was taken there is a similar value of 118.8 o; and 
for the dose B day, it is 121.4 o, or a change of about 5 per cent. Normally, 
the eye movement becomes slower as the experiment progresses and the data 
indicate that these movements are slowest in the sixth and seventh periods, 
with a change of about 20 per cent. When the experiments were performed 


@ Dodge and Benedict, Carnegie Inst. Wash. Pub. No. 232, 1915, p. 244, table 46. 
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in the evening the subjects probably became somewhat sleepy in the latter 
part of the session. By the method of preliminary differences, all the 
periods with dose A except the last (period 8) show longer duration required 
for the movement when these are compared with the normal values. The 
average for the seven periods following ingestion of dose A was +6.7 per 


Tas_E 18.—Velocity of horizontal adductive eye movements. 


Eye movements (left) in 0.001 second at successive half-hour periods. 


Subject, date, and type 


of experiment. Following dose. 


S 4 5 6 4 8 
Control: o o o o co o 
Lig, SeptecOseeerrenie 94 93 89 87 97 93 
Octiiesactsrroes: 100 103 105 110 105 97 
Rol) eOctssno seme aee 152 144 149 150 162 151 
Octres Sieh meen. 154 155 152 145 162 157 
Suf, INGV 554 80. ers eter 114 110 122 114 116 116 
INOVmn dccieactersters ee 112 117 re, 127 136 133 
BamCil)s Jtmeel One eee 155 171 165 240 190 164 
JUNGeLS ee ae 198 177 204 223 201 174 
MibsCll)rraune e222 eee eee 92 91 93 100 ot 91 
Abn Pii6 5s Soom bee 90 89 91 94 91 81 
‘Averagesi(A)in. a aeeenen 8 126.1 125.0 129.7 139.0 135.4 125 7 
ifferences: (1D) sera cereale ae .4/ +10.7| + 9.6] +14.3 | +23.6 | +20.0 | +10.3 
Alcohol, dose A: 
Lig, Octal A aeeancs 104 99 96 92 96 96 
Roi eOct.anGl en eaten 158 a 184 179 173 163 
Suf, ING Vm O aero ee 140 144 144 149 148 127 
Ram (Ll) aune len. seco: 170 196 185 278 230 163 
Mine CED) prviines 23) eee ee 87 93 88 88 84 94 
Averages (Aj)...........-. .8 131.8 141.8 139.4 isvee 146.2 128.6 
Differences*(D)s) asec ees see | .O} +13.0 | +23.0 | +20.6 | +38.4 | +27.4/] + 9.8 
Alcohol, dose B: | 
Lig, Ochi goa reecte gle 115 118 112 106 104 
ROJRCLL) Oct Tine io aes 152 172 186 218 204 171 
Suf, NOV. 6 aapaaee ee 170 163 166 141 155 123 
Hamil une 12neene ee oe 146 172 176 170 174 156 
Mahesh) ewunesed seen ae 97 95 99 101 93 91 
“AVerages|((AG) see eee .0 136.4 143.4 149.0 148.4 146.4 129.0 
Ditterencesi(D3)enweey ele cere .6} +15.0 | +22.0 | +27.6] +27.0 |] +25.0] + 7.6 
Effect of alcohol, dose A: 
Differences for group (D;—D) 6] + 2.3 | +13.4] + 6.3} 414.8] + 7.4] — 0.5 
Contrast for group (A1—A)..]....... .O} + 5.7] +16.8 |] + 9.7 | +18.2] +10.8 | + 2.9 
Per cent from differences....]....... +9.9] + 2.0} +11.4] + 5.4] +12.6| + 6.3] — 0.4 
Per cent from contrast......]....... +12.6] + 4.5} +13.4/ + 7.5 | +13.1] + 8.0] + 2.3 
Effect of alcohol, dose B: 
Differences for group (D2—D)}....... +12.2 | + 4.3} 412.4] +13.3 | + 3.4] + 5.0] — 2.7 
Contrast for group (Az—A)..]....... +18.2 | +10.3 | +18.4] +19.3 | + 9.4] +11.0] + 3.3 
Per cent from differences....|....... } +10.3 | + 3.6] +10.5 | +11.2) +2.9}] + 4.2] — 2.3 
Per cent from contrast......]....... } +15.3 | + 8.2 | +14.7 | +14.9/ + 6.8] + 8.1] + 2:6 


cent. If the values in table 18 are directly contrasted, period for period, 
and the percentages determined, we find that all have a plus sign and 
average +8.8 per cent. Hence it may be considered that dose A for 4 
hours after ingestion caused a decrease in the speed of the eye movement 
on the average of about 7.7 per cent. If we consider the experimental 
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session in two parts, that is, determine the average for periods 2 to 5, we 
find by the difference method a decrease of 7.2 per cent, and by the contrast 
9.5 per cent, or an average of 8.4 per cent. For periods 6 to 8, the difference 
method gives a decrease in speed of 6.2 per cent, the contrast method 7.8 
per cent, with an average of 7.0 per cent. Thus there was a slightly more 
pronounced effect in the 2 hours succeeding ingestion. 

For dose B the changes are likewise in the direction of a slower speed of 
movement. The difference method gives an average effect for the periods 
following the ingestion of the alcohol of 5.8 per cent and by the direct 
contrast method the effect seems to be 10.1 per cent. On the average, there- 
fore, a change of approximately 8 per cent seems to have taken place as 
the result of the larger dose of alcohol. This is but slightly above that 
found for dose A. There is, however, a greater variation between the first 
and second two-hour periods than with dose A. In the first (the average 
for periods 2 to 5) the difference method gives an average effect of 8.9 per 
cent, the contrast method 13.3 per cent, and the average of the two methods 
11.1 per cent. For the last 14% hours (periods 6 to 8) the difference method 
gives 1.6 per cent, the contrast method 5.8 per cent, and the average of the 
two 3.7 per cent. The influence of the alcohol is to retard the adductive 
eye movements, and the intensity of the effect is about three times as strong 
in the first 2 hours after alcohol as in the second 2 hours. 


AspuctivE Eyz Movements. 


The alcohol results are just as consistent for the eye movements to the 
right, but the effect is regularly smaller. (See table 19.) For dose A all 
periods show plus percentage changes, with an average decrease by the 
difference method of 4 per cent in the speed of the eye movement. For 
dose B, also, all of the periods have the same sign and give by the same 
method an average decrease in speed of 5.2 per cent. These figures ap- 
proximate the average effect as computed by the contrast method, this 
being for dose A +4.7 per cent and for dose B +6.0 per cent. In both cases 
the averages are slightly larger than those found by the difference method. 
The group average after dose A for periods 2 to 5 by differences is 5.5 per 
cent, by contrast 6.3 per cent, with a combined average of 5.9 per cent. 
For periods 6 to 8, by the difference method it is 2.0 per cent, by the contrast 
method 2.7 per cent, with an average of 2.3 per cent. For dose B the 
average effect for periods 2 to 5 obtained by both methods is 7.4 per cent, 
while for periods 6 to 8 it is 3.3 per cent. There is a consistent difference in 
the size of the effect for doses A and B and in both instances, the first 
2-hour period shows approximately twice as large an alcohol effect as is 
evident in the second 2-hour period. 

For a general statement, the results obtained in the first 2-hour period 
with eye movement, left and right, may be averaged together. For dose A 
there is a consistent decrease in speed amounting to about 7 per cent, while 
for dose B there is an average decrease in speed during the 2 hours follow- 
ing ingestion of approximately 9 per cent. The eye movements were judged 
by Dodge and Benedict* to give the most characteristically trustworthy 
results for the effect of alcohol. The general average effect recorded here 


® Dodge and Benedict, Carnegie Inst. Wash. Pub. No. 232, 1915, p. 265. 
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is considerably larger than that found for the same individuals in obser- 
vations of finger movements or for the speed of typewriting, but not so 
large as was found for amplitude of the protective lid reflex, and especially 
for the errors in typewriting. This tends to indicate that eye movement 


Tase 19.—Velocity of horizontal abductive eye movements. 


Eye movements (right) in 0.001 second at successive half-hour periods. 


Subject, date, and type 
of experiment. 


Prelim.| Following dose. 


— | ]|]_ | 


Control: 
Lig, Sept. GQ ae a.ctedor 
Octi2e 3 eae aes 
Rolle Octss wu ceceree 
Oct Sawa 
Suf, Novice Aes ee ene 
NOVom inosine 
Fant (ily, dune JON ene. oe 
DUNC Mowe 
Mrha(l) dunes 22 ee ccna 
DUNO o meee eats 


Averages (A) acc crecciis rarie ; 
Differences) (DD) ac se aecls ces 
Alcohol, dose A: 1 


Lig, Oct wd oe a cece 
oj CLD) Octe mOsre en ae cae 
Suf, INOVaE O womunice mee 


Pame(iD) > Junéel lence cae 
Mik: (LD) woumeroSenmree tere 
Averages (Aj1)............ 4 | 
Wifferenicese( heat cen sfc cess 
Alcohol, dose B: 


Lig, Octraer se Sercs incteters 
RoC) Octmarcereeerecs 
Suf, INOVite Oe esa are 


ami(hh) J une nl ore icr 2 
Miaibs (iD eduner 242, o.cs. 


ra faoca Stay Rais seme | 107.6 108.8 110.4 114.8 114.2 116.0 105.4 

erences 3D) i.e ssereyeloe [Sao comet + 9.0 | +10.2 11.8 16.2 : 

Effect of alcohol, dose A: i a ee | eel 
Differences for group (D:—D)|....... f+56.5)] +6.9| + 7.0] + 2.2] + 5.1} +0.5] +0.2 
Contrast for group (Ai—A)..]......./ + 6.5] + 7.9] + 8.0] + 38.2} + 6.1] + 1.5] + 1.2 
gt sa differences....]....... } + ate + 7.1) + 7.2] +2.2| +5.2] +0.5] 4+ 0.2 

er cent from contrast,.....j....... + 6. van) Wav 3.0 ; 

Effect of alcohol, dose B: ¥ < < TER SAA eae 
Differences for group (D2—D)]......./ + 5.9} + 6.7] +58] + 8.6] +1.3] +61] 4+ 1.2 
Contrast for group (Az:—A)..}....... +7 eL ETO TO 0-8) 4 Obes wears. 
Per cent from differences....]....... ; + 6.0 | + 6.8 | 45.9 | 4 8.8 | + 1.37) Geeta 
Per cent from contrast......|....... Pe 7.11 eS | 4 68) + 0:3 ] 4 2129 = 6 v4 + 23 


stands intermediate between a simple speed of performance on the one side 
and an accuracy measurement on the other. In previous publications of = 
results for the finger-movement and eye-movement tests, it is characteristic 
that the eye movement shows the larger effect. It is quite obvious that the 
eye movement contains a requirement for accuracy of adjustment which 
does not exist in the finger movement. Although in the data given here 
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no attention is paid to the amount of corrective movement which is required 
to bring the eye absolutely to the fixation point, still the factor of accuracy 
is playing a prominent rdle. When the eye is moved suddenly from one 
point to another in this test, the second point is seen by indirect vision, the 
distance has been estimated, and the coordination elaborated accordingly. 
The eye-movement test thus combines speed and accuracy, and as a neuro- 
muscular process of fundamental importance to the efficiency of the indi- 
vidual is rather strongly depressed by such amounts of alcohol as have been 
used in these experiments. Considerably more eye-movement data are 
given in later chapters. 


Errect or ALCOHOL ON Worp REACTIONS. 


The word reaction, as measured according to the routine used in the 
Nutrition Laboratory, requires about 455 o.° The technique employed is 
described on page 14. The comparable data for the five typists are given 
in table 20. For normal days the preliminary value is 466 o. The averages 
for the reaction time after the control dose are always longer, rising to 
495 o; this represents a trifle over 6 per cent in range. The values for the 
preliminary periods for the group of days on which doses A and B were 
taken are very nearly the same as those for the normal days, but the periods 
following show lengthening up to 11 per cent, which is one way of indicating 
the effect of alcohol. By the method of preliminary differences the dose A 
values indicate a consistently slower reaction time in all periods following 
ingestion of the alcohol. The percentages of change are of about the same 
magnitude with which we have become familiar. in previous measures, 
ranging from +1.7 to +6.2 per cent, the average for all periods following 
dose A being +4.3 per cent. By direct contrast of averages, period for 
period, we find also consistency in the direction of the sign. The average 
for periods 2 to 8 by contrast is +3.1 per cent; the combination result, 
therefore, is an average increase in reaction time, i. e., a slower reaction, 
of 3.7 per cent. The effect indicated in the first 2 hours is only slightly 
greater than in the subsequent 114 hours. The average for periods 2 to 5 
is, by differences, 4.6 per cent, and by contrast 3.4 per cent, with a com- 
bined average of 4.0 per cent. For periods 6 to 8 the difference method 
yields 3.9 per cent and the contrast 2.8 per cent with a combination average 
of 3.4 per cent. 

Dose B for this measurement shows effects from the alcohol which were 
only a trifle larger than those found with dose A. The preliminary value 
for dose B, as previously noted, is within 1 per cent of that for the normal 
control dose. All periods, with the exception of No. 8, show plus signs in 
their expression of the effect of the alcohol. These values range for the 
difference method from —0.9 for period 8 to +8.4 for period 2. The average 
for all periods is +4.3 per cent, which is identical with that for dose A by 
the method of differences. When the effect of alcohol is computed by con- 
trasting the averages, it is seen that all periods likewise have positive 
values, indicating a slower reaction, except in period 8, in which the effect 
is slightly negative. The average for all the periods is 3.4 per cent, which 


@ Dodge and Benedict, Carnegie Inst. Wash. Pub. No. 232, 1915, p. 106; see, also, Benedict 
Miles, Roth, and Smith, Carnegie Inst. Wash. Pub. No. 280, 1919, p. 603. 
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also is very nearly the average for the dose A days as found by the direct 
contrast method. The total average by both methods for the effect of dose 
B on the sessions following ingestion is 3.8 per cent, as compared with the 
similar average of 3.7 per cent, which was found with dose A. During the 
first two hours the combination effect for dose B was 5.1 per cent, while for 


Tas_E 20.—Reaction time of five typists for speaking 4-letter words. 


Speed of word reactions in 0.001 second at successive half-hour periods. 


Subject, date, and type 


of experiment. Prelim. Following dose. 


1 
Control: o 
Lig, Septso0 hacker 440 
Oct Bak jee ee.e se 472 
RoC) Ocha more ae 540 
Oct eSane tears 454 
Suf, ENO V send a aie ae eee ee 661 
INOVipe lane eaeene 536 
Fam (II), June 10.......... 402 
Hise Ws aoe coe 340 
Mibs@t)S Janee2 22. ecm ose 402 
Aone. og oaansnen 409 
Averages (A)). fs oesce coe 466 
Differences) (TD) eye cise len ele 
Alcohol, dose A: 
Lig, Octse em Ueree einer 453 
Jeon} (00, (Oe Cs coonanoad 436 
Suf, INOVipe Onuas ete es 616 
Pamn(il) e Junot less sae: 386 
Mib wih) pu unelecits scie cee 416 
Averages CA9)\ochrck secs © 461 
Differences). jacees veel: seek 
Alcohol, dose B: 
Lig, Octeeros bs ceases 484 
Roi) seOct ae imieereteeee 446 
Suf, NOV Olen 562 
Haman (Ul) Sune 2 cereale 404 
Mihi); June"24......-... 416 
Averages (Ag)............ 462 
Diflerences (D2)... 50< sce |aee ce es 
| Effect of alcohol, dose A: 
Differences for group (D1—D)]....... 
Contrast for group (Aj—A)..|....... 
Per cent from differences. ...]....... 
Per cent from contrast......|....... 
Effect of alcohol, dose B: 
Differences for group (Dz—D)|....... +39 +17 +23 +24 +22 +20 
Contrast for group (Ag:—A)..}....... +35 +13 +19 +20 +18 +16 
Per cent from differences....|....... + 8.4] +.3.7] + 4.9] + 5.2] + 4.7] 4+ 4.3 
Per cent from contrast: .....|....... +7.3| + 2.7) + 4.0] + 4.2 | + 3.8] 4+ 3.3 


periods 6 to 8 the effect was 2.3 per cent.° The stronger influence shortly 
after the ingestion of alcohol, while rather slight with dose A, was indicated 
with both doses; the difference between the two doses is not strongly 
reflected in the results obtained with this measurement. 


* Dodge and Benedict averaged results for doses A and B in their data (see their table 46, p. 244) 
and found a slowing of 3 per cent in the word reactions after alcohol. 
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VARIABILITY OF Worp RmAcTIONS. 


When reactions are taken by the technique used in these experiments, it 
is, of course, recognized that the voice key will not be opened so promptly 
by the initial sound of certain words as by others. From this cause alone 
there will naturally be a variation in the reaction time for different words 
as recorded on the kymograph drum. This factor, however, should not 
interfere with our making a comparison of the variation between different 
experimental periods, because the same set of words was always used for 
reaction purposes. Prior to each test the 24-word cards were thoroughly 
mixed, so that the subject could in no way anticipate the order of their 
exposure. The group of word sounds thus required for the 24-word reactions 
which made up the test, as given, was always the same, but in different 
order. The mean variation for these reactions to 4-letter word stimuli has 
been determined in each case and divided by the average reaction time for 
the particular period and subject. The resulting coefficients of variability 
have been tabulated like the data for the word-reaction time. 

In the previous use of this measurement at the Nutrition Laboratory it 
has always been a matter of surprise that the variability was such a small 
percentage of the average reaction time. In the first report of such data,’ 
Dodge and Benedict called attention to the fact that in their results the 
mean variation hardly reached 10 per cent of the average. In two other 
publications from the Nutrition Laboratory the writer has called attention 
to the same small coefficient of variability with the word reactions. In the 
intensive repetition experiment on one man’ this coefficient was found to 
be 6.5 per cent of the average normal reaction time for this subject. In the 
large amount of data collected during the study of undernutrition,’ the 
writer found (standard deviations were used in this case) the coefficient 
of variability for the individual series of reactions to range from 7 to 13 
per cent of the reaction time. 

The data presented in table 21 are much like the results previously ob- 
tained. The average for the preliminary period of the control days is 8.0 
per cent, for the preliminary period of the days with dose A, 8.1 per cent, 
and for the days with dose B, 6.4 per cent. The direct comparison of the 
averages for periods following the control dose against periods following 
either dose A or dose B shows there is not a great change after the alcohol. 
However, the alcohol values tend to be the larger, especially in period 2, 
which, in this case, means about 25 minutes following the alcohol dose. 
After dose A the increase in the variability in period 2 amounts to 11.5 per 
cent. No change appears in periods 8 and 4, there is a slightly less vari- 
ability (—3.7 per cent) in period 5, with an increase in variability of 
approximately 5 per cent in periods 6, 7, and 8. Following dose B there is, 
according to the contrast method, an increased variability of 34.6 per cent 
in period 2, but little change in periods 3, 4, and 5, with an increase again 
in periods 6 and 7, but almost no change in period 8. By the method of 
differences, the percentage effects with dose A are roughly the same as with 
the contrast method, but are much larger with dose B, since the preliminary 


8 Dodge and Benedict, Carnegie Inst. Wash. Pub. No. 232, 1915, p. 107. 
> Miles, Carnegie Inst. Wash. Pub. No. 266, 1918, p. 62. 
‘© Benedict, Miles, Roth, and Smith, Carnegie Inst. Wash. Pub. No. 280, 1919, p. 603. 


90 ALCOHOL AND HUMAN EFFICIENCY. 


normal for dose B is considerably below the other preliminary normals. 
There is some reason to suppose that this low preliminary average for dose 
B is not entirely trustworthy, and accordingly it is preferable to compute 
the effects by the contrast method. 


Tasup 21.—Percentage variability in the reaction time for speaking 4-letter words. 


Variability in the speed of reaction at successive half-hour periods. 


Subject, date, and type : 
of experiment. Following dose. 


Control: p.ct.|| p. ct. p. ct. p. ct. p. ct. p. ct, p. ct. p. ct. 
Lig, Septis0 sacs aae 5.7 | 6.6 5.9 5.7 6.5 6.4 7.0 a24 
OCtae oie cio 6.8 | 6.1 11.0 9.8 8.2 8.2 a0 10.7 
Rojk()) 7 Octwmonen crear 11.9 | Dadi 9.5 8.4 10.3 6.2 8.2 6.8 
Otte oan oer 8.2 | 7.3 8.4 8.6 8.9 7.3 Fer | 6.4 
Suf, INOVirw 4 catetee 14.5 | 19.2 17.2 12.7 10.6 14.8 15.1 15.1> 
INOVon ices ore OLS] mess 7. 8.8 5.5 11.0 12.9 13.2 14.7 
Hamid l);,sunes Ops... ee see 6.0 | 7.9 8.4 6.3 8.5 7.8 5.5 6.4 
Janes See eee 8.5 | 6.8 4.6 9.8 ed 6.4 8.6 8.9 
Mihi GD; June 2262. 4s ces 4.7 | 5.5 4.1 5.4 See 4.8 Poel 4.3 
DUNC LOMA Roa 4.2 | 3.9 255 dee 5.3 8.2 5.0 5.3 
Averages: (Aliases sca aredt: 8.0 | 7.8 8.1 7.5 8.2 8.3 8.1 8.6 
Differences (D)...........|....--| — 0.2] + 0.1] —0.5| + 0.2) + 0.3 + 0.1] + 0.6 
Alcohol, dose A: 
Lig, Octieel Sern athens 5a 10.0 8.2 5.9 9.2 6.4 10. 12.0 
Veen (OGD), Wie Wocacere case 8.0 | 4.4 6.8 8.9 6.8 8.9 7.4 8.6 
Suf, IN OViiwiO prtene genseere 17.5} 16.5 10.9 8.9 11.6 16.5 14.6 14.1 
Pam (Ll) Sune ll Leis es ok ae 4.4 | 6.5 8.4 8.2 mee 6.8 6.7 6.0 
Mib (IDs eJune 2352 cc eer. : 5.3 6.2 6.1 5.4 4.8 5.1 3.7 4.3 
Averages) (A4) ii. @ cusiche oe 8.1 8.7 8.1 fae 7.9 8.7 8.7 9.0 
Differences: (11) sccc.c.cen ote la ols ork +0.6}+0.0| —0.6| —0.2} +06] +06] +0.9 
Alcohol, dose B: | 
Lig, Octiae 2 maisthetane 6.6 11.0 7.5 6.5 732 10.3 7.5 9.6 
Roh wOctammiacce neces vee 4.7 | 5.6 5.9 6.9 6.8 13.8 10.5 9.7 
Suf, INGVaaeOlererercriate 10.9 | 21:1 TW bss 14.1 12.2 11.0 14.0 9.8 
Fam (11),/Jane 12.300... 0.005 62) 0712 8.6 6.7 7.5 6.3 6.8 9.3 
Mibtrlt) woumereddes ek eee 4.6 7.5 foal 4.9 4.5 4.9 4.4 4.2 
Averages. CAs) i.e sues wrsiesvere 6.4} 10.5 8.1 7.8 7.6 9.4 8.6 8.5 
Diferenves;(Ds)iancccmenics «le as ate Po 4} ey | See E12 | 0 eee ee , 
Effect of alcohol, dose A: I 
Differences for group (Di1—D).}...... + 0.8 | —-0.1 | —.0.1 | — 0.4 | 4 0.3} 20a es 
Contrast for group (Ai—A)...]...... + 0.9] + 0.0) = 0.0| — 0:3] +04] +06) 40% 
Per cent from differences. ....]...... 1+ 9.0 |. 91.2) = V2 — 420 | 7 1 erer tec 
‘ Per cent from contrast.......|...... } +11.5| + 0.0] + 0.0] —3.7| + 4.8] + 7.4] + 4.7 
Effect of alcohol, dose B: : 
Differences for group (D2—D).|...... Pt 4.9 1.6) 4 19 2.0 1 ee eo 
Contrast for group (Az:—A)...|...... 1 + 2.7} + 0.0] +0.3] — 0.6] +1.1] +0.5] — OL 
Per cent from differences.....]...... 1 +50.7 | +22.2 | +26.4 | +13.9 | +37.5 | 429.2 | +20.8 
Per cent from contrast.......|...... | +34.6} + 0.0| + 4.0/] — 7.3] +13.3 |] + 6.2] — 1.2 


It thus appears that the variability of the reaction time is influenced in 
the direction of an increase by the taking of the alcohol. This, of course, 
is not a new finding. It has been shown in each case in our previous pub- 
lications and also in the previous discussion of the speed of typewriting. 
(See p. 59.) It is unknown why the effect was pronounced with both doses 
25 minutes after the alcohol was taken, then practically disappeared for 
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an hour and a half, after which it appeared quite distinctly again. The 
effect of alcohol on the word-reaction time does not disappear during this 
interval when, as has been seen with the typewriting and other measure- 
ments, the effects are usually at their maximum. 


SuMMary For Errect or ALCOHOL ON TYPEWRITING EFFICIENCY AND 
SIMPLER Reuatep Acts. 


Without exception all of the measurements which have been used in these 
experiments with alcohol on typewriting and simpler related processes show / 
a positive effect of the alcohol, and in each case this is interpreted to be in) 
the direction of depression or decreased efficiency. This decrease has been 
indicated by both methods of computing the effect. These two methods of 
computation have been used not for the purpose of forcing an effect out 
of the data, but in an effort to view the results from every reasonable angle 
of approach, and to obtain the most trustworthy and conservative state- 
ment for the size of the alcohol effect as exhibited in the measurements 
used. In some cases the percentage effect has been larger by one method 
than by the other. Theoretically, the method of percentile differences 
should give the most logical and exact expression for the influence of the 
alcohol factor. Since, however, only one half-hour preliminary period was 
used in these experiments (and there are influences which tend to make the 
performance in the preliminary period variable from day to day as a result 
of extraneous factors which are practically beyond control), a direct com- 
parison of periods which followed the alcohol dose with periods which 
followed the control dose has also been used in the series of experiments 
reported in this chapter. 

A summary for the effect of alcohol on efficiency in typewriting and for 
the other measurements is given in table 22. This table presents only 
average results for the percentage effect in the various periods following 
the ingestion of the alcohol. In each instance the percentage represents the 
average of the results obtained by the two methods of computation, i. e., 
from differences and from contrast. The results for the three typewriting 
tests (practice copy, sense copy, and nonsense copy) are grouped in one 
average. The typewriting tests required about half of each experimental 
period, hence these data represent a considerably larger amount of material 
than that for any other measurement given in the table. The various 
measurements are indicated at the left of the table and the results are given 
separately for doses A and B. The algebraic signs must be considered in 
the light of their origin and of the particular test. A plus sign in relation 
to increase of errors after alcohol and a minus sign in relation to speed 
(indicating a slower speed) obviously do not conflict, but both indicate a 
decrease in typewriting efficiency. Usually within one horizontal line of 
percentages the algebraic sign is predominantly minus or plus. In fact, 12 
of the 20 lines in the table show no reversal of sign, but are always in the 
same direction from periods 2 to 8; several others have but one reverse 
sign, this usually occurring in periods 6, 7, or 8 or in period 2, the first test 
after the taking of the alcohol. There is a well-defined tendency for the 
alcohol effect to be strongest in the hour or two following ingestion, with 


the maximum effect in periods 3 or 4. 
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The typical effect of alcohol on the speed of neuro-muscular processes is 
not so large as the effect upon the accuracy of the processes, particularly 
as represented in the typewriting performance. If the results are sum- 
marized, as in table 23, by grouping periods 2 to 5 for purposes of averaging 
and also periods 6 to 8, the variation in the alcohol effect on the different 


Tasie 22.—Summary of effeet of alcohol on efficiency in typewriting and in simpler related 
acts.+ 


Progressive alcohol effect at half-hour intervals 
following dose. 
Measurement and 
dosage. 


Typewriting: * Ect. p. ct. p. ct. 


+64.4 | +37. 
+103. +88. 


3 
5 
6. 
9 


Eye movements: 
Adductive: 


i 
- Oo me bo 
an 


++ ++ 
NN gros 
++ ++ 
++ ++ 
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++ 
Ho om 


oy 
++ ++ 


i 
1m i 


+1 
++ ++ 
bo 


1 All of the results given in the table are averages from the two methods of calculation. i 
ences and per cent from contrast. Baseline na 
2 The alcohol effect on typewriting is the average of the results for i iti 
practice, sense, and nonsense ti tasks 
3 The results for the three groups of heart-rate data are averaged for these values. Mis ; 


measurements may be most clearly seen. In the first 2 hours following 
alcohol, the effect on the typewriting errors is considerably larger than on 
any other measurement, being +39.3 and +72.4 per cent for doses A and 
B, respectively. In the second 2 hours, periods 6 to 8, dose A produces an 
increase in error of +14.5 per cent, while dose B increases the errors +35.1 
per cent. Next in the order of magnitude of alcohol effect in table 23 is the 
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amplitude of the lid reflex, which is decreased 8.8 per cent and 27.5 per cent 
for doses A and B, periods 2 to 5, and 25.8 per cent and 13.9 per cent for 
doses A and B, periods 6 to 8. The large alcohol effect on the amplitude of 
lid reflexes has been noted in former publications from the Nutrition 
Laboratory.* : 

The alcohol effect on the eye movements is fairly large and quite con- 
sistent and stands in magnitude between that for the errors in typewriting 
and such measurements as speed of typewriting, speed of finger movement, 
latency of lid reflex, and speed of the word reaction—effects which range 
from about 2.5 to 4 per cent for dose A and from 4 to about 6 per cent for 


TABLE 23.—Group summary of effect of alcohol on efficiency in typewriting and in simpler 


related acts. 
Periods 2 to 5, Periods 6 to 8, 
0 to 2 hrs. after alcohol. | 2 to 3% hrs. after alcohol. 
Measurements. 
Dose A. Dose B. Dose A. Dose B. 
Typewriting: * p. ct. p. ct. p. ct. D.\ct 
SULT OLA ee oe ots oa ok We Ss +39.3 +72.4 +14.5 +35.1 
GRU emis ee ce ek ee — 2.5 — 3.9 — 0.3 + 0.1 
Heart-rate:* 
Gaga Vike: to) ON a ee — 5.6 — 8.1 — 7.2 — 9.2 
Lid refiez: 
WON PSP ies aera a a a + 4.1 + 5.5 +11.0 + 7.8 
RTROUCOG cate. eer wie) co oc — 8.8 —27.5 —25.8 —13.9 
Finger-movement speed............. — 2.8 — 3.7 — 1.8 — 2.8 
Eye movements: 
PROCUCTLY Ooitae ets sciences Soles + 8.4 +11.1 + 7.0 + 3.7 
SEATICLIV OA natn. Aispaeceye Sora + 5.9 + 7.4 + 2.3 + 3.3 
Word reactions: 
PIDOOU SC Pies aes tiene fs ais + 4.0 + 5.1 + 3.4 + 2.3 
MN AITATILG Yims osc eesti sicis oie c + 1.4 +19.2 + 6.1 +17.7 


JAll of these percentage effects are averages from the two methods of calculation, i. e., per cent from differ- 


ences and per cent from contrast. E , 
2 The results given for typewriting are the averages of the alcohol effects found with practice, sense, and non- 


sense tasks. 
* The effects of alcohol on heart-rate during rest, work, and recuperation after typewriting are averaged for 


these values. 


dose B as an average for periods 2 to 5. The effect upon the heart-rate 
(shortened length of pulse-cycle) is about the same magnitude as that upon 
the horizontal eye movement, but is peculiar in that it is definitely larger 
for both doses in the second 2-hour period after alcohol. There is a tendency 
toward this delayed effect also in the data for the lid reflex. 

From this series of typewriting experiments we may draw the following 
conclusions: 

(1) The alcohol effect demonstrated is more prominent after the ingestion 
of dose B (32 to 42 grams of alcohol diluted to 151 to 201 c. c. of fluid) than 
after the ingestion of dose A (21 to 28 grams of alcohol diluted to 108 to 


200 c. ec. of liquid). 


* Dodge and Benedict, Carnegie Inst. Wash. Pub. No. 232, 1915, p. 71. Miles, Carnegie Inst. 
Wash. Pub. No. 266, 1918, p. 52. 
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(2) The changes produced by the alcohol in the processes measured are 
all concordant and in the direction of depression and decreased efficiency. 

(3) The effect of the alcohol reaches its maximum with most of the 
measurements in periods 3 and 4, that is, from 30 minutes to 144 hours 
after the complete ingestion of the dose. When periods are averaged so as 
to compare the effect in the first 2 hours with that found in the second 2 
hours after ingestion, with but two exceptions (the heart-rate and the lid 
reflex) the effect is strongest in the first 2 hours. 

(4) The accuracy of the typewriting is decreased very prominently, as 
shown by increase in the number of errors made, which, upon analysis, are 
found to be errors of such a grave nature as to reduce greatly the legibility 
of the typewritten copy. The efficiency is likewise reduced by a slight 
slowing of speed, as well as by an increase in the variability of the speed 
of typewriting. 

(5) The heart-rate is increased from 5 to 7 per cent by dose A and from 
8 to 9 per cent by dose B. 

(6) The lid-reflex latency is lengthened definitely and the amplitude is 
decreased prominently by both doses. 

(7) The finger-movement speed, like the speed of typewriting, is changed 
by only a small percentage, but in the direction of slower movement. 

(8) The velocity of horizontal eye movement is reduced 7 per cent on 
the average by dose A and 9 per cent by dose B in the two hours after 
alcohol. The slowing in the speed of eye movement continued up to the 
end of the experiment. 

(9) The word reactions are slower by 4 to 5 per cent for the two doses 
and show more variability in speed after the alcohol. 

The five typists whom we have measured in this series of experiments 
were not selected for the purpose of proving any feature in reference to the 
effect of alcohol. The men were not picked from a large group but were 
taken as they came or as one subject would find another and introduce him. 
The only consideration was that they should be good typists. No reason 
can be assigned why these young men may not be considered as an average 
group, and the results of these experiments are believed to be representative 
of such as would be obtained from other groups of cooperative moderate 
drinkers. It is possible that if these same typists had ingested like amounts 
of alcohol in connection with their usual occupation, their typewriting of 
business letters or similar material would not have exhibited the same high 
degree of inaccuracy as appears in their laboratory work, for they might 
have noticed and corrected many of their errors and they probably would 
have had less tendency to write at maximum speed. At least it is evident 
from their subjective impressions (see Appendix, pages 277 to 283) that in 
most cases they would recognize by characteristic symptoms that alcohol 
had been taken and, if they observed closely, would be aware of the 
probable effects. 

In their respective office positions, the decreased productiveness of the 
men might easily have escaped detection. Undoubtedly there are differences 
between the regular office performance and the laboratory test performance 
(further light on this problem will appear in the next chapter), but the 
course of the effect of alcohol observed in the Laboratory experiments must 
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necessarily apply to the work of the office. Even a small percentage of 
increase in uncorrected errors in business correspondence is a matter of 
importance. In absence of proof to the contrary, it must be assumed that 
the average typist, as a result of taking such quantities of alcohol as were 
ingested on a comparatively empty stomach, will tend, in the hour or two 
following such a drink, to make from 25 to 50 per cent more errors in his 
work than if he had taken an equal volume of water. 


CHAPTER III. 


INFLUENCE OF REPETITION AND OF FOOD ON 
ALCOHOL EFFECT. 


The importance of repeating series of alcohol experiments on the same 
individual has been emphasized in an earlier report.* The second series 
will unavoidably become more of a routine and thus occupy a different 
position on the learning curve. <A subject in repeating the experiment may 
take a different attitude toward his work or may be in a somewhat changed 
physical condition. With alcohol there is a possible difficulty in the factor 
of the development of tolerance which conceivably may disturb the uni- 
formity of results. Notwithstanding these and other factors which operate 
to make successive sets of results differ from each other, the experimental 
arrangement should be such that the results in one series will be confirmed, 
at least in direction, by results from further series of the same kind of 
experiments with the same subject. Unless this is the case, it is doubtful 
if that particular experimental program can very profitably be employed 
in testing a group of subjects. 


INFLUENCE OF REPETITION ON EFFECT OF ALCOHOL IN 
EXPERIMENTS OF DIFFERENT LENGTH WITH ROJ. 


Repetition experiments were made with the subject Roj to ascertain if 
two sets of results secured under like conditions were substantially in agree- 
ment with each other. An opportunity was desired to observe directly the 
difference between 3-hour and 5-hour experiments, and to find if there 
was much learning of the tests or tolerance acquired for the alcohol. 

As will be seen from chronological table 1, page 33, Roj was the first 
subject to serve in the alcohol typewriting experiments. He came in the 
morning about 9 o’clock and in the first series continued the work until 
12 o’clock. Breakfast of the usual amount had been taken at a seasonable 
hour previous to his coming to the Laboratory, so that approximately 3 
hours elapsed between the taking of the food and the taking of the alcohol. 
After the first two days, which were used only as practice days for adapting 
the subject to the routine, Roj completed five experimental periods on each 
of the following four days, having thus a preliminary control period before 
the ingestion of the beverage and four regular 30-minute periods after the 
dose. This series was finished on September 26; the subject began his 
second series on October 5. In the second series he came to the Laboratory 
about 45 minutes earlier in the morning, but ate his breakfast at the*same 
time as previously, so that the food was separated from the alcohol by about 
2 hours. A practice day was not used in the second series; this was a 
mistake. On the first day of this second series, October 5, Roj completed 
only 8 periods, that is, 7 following the taking of the control dose. On the 
other three days he completed 10 periods in the same time. In previous 
tables we have given only the results for 8 periods, as the data were too 


® Miles, Carnegie Inst. Wash. Pub. No. 266, 1918, p. 8. 
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fragmentary for averaging beyond the eighth period. In the comparison 
of the results of the two series with Roj, the data for all the periods will 
be given, but it should be noted that in series II there is but one normal 
day with periods 9 and 10, and it has been necessary to employ this in 
place of the usual average for the two normal days. The experimental 
procedures for the two series on Roj were identical, except in the matter 
of prolonging the experiment. The subject used the same typewriter, wrote 
the same practice sentence, the same sheets of scientific prose copy, and 
copied the same sets of nonsense 5-letter combinations, as well as per- 
formed the other tests which were employed in his first series. During the 
week intervening between the two sets, he had been on vacation and had 
not used a typewriter. 


TABLE 24.—I. nfluence of routine on alcohol effect in two series of experiments with Roj 
as indicated by percentage change after alcohol in errors of typewriting.t 


Typewriting Percentage change in errors for periods after dose. 
material, 
series, 
and dose. 2 3 4 5 6 7 8 9 

Practice: 
Ope MeAL eo 4 Oa-f38 6. Ot 15728) le" GO Slice cs Ss lode ec belle wns + Oe | ain eed [si Gmeieeee 
Roj 1A | —33.4 |4+145.1)/+ 27.6|/+105.7/+ 60.9)— 48.4/4+ 15.9/+ 5.6/4 23.5 
PONE MRS i — TOI tt OO), 0 t= Shits if ied la aseaaia'| syayeno eee Bil beoeraie we eee ee to ee etree 
Roj ITB | —11.5 |+139.4/+153.6|+177.9|+177.9]+116.4/+ 51.9/+ 78.5/+ 77.2 

Prose: 
Ope Ame 19) — 1A Gis BGe Lli== ORO: | -2e fac | t 6% omic aacpardeillse wales Gate aoe 
Roj ITA | +74.4 |+ 83.4)/4+137.9)/+ 55.5)+ 88.6)/+102.5/+ 28.5|/+113.7|/+ 28.7 
HOT Bea Adin 1 t=! OL SOI Oa ie Silas vot h aille ce ctstecelllere cfeterece'|'s atest avec a-auete ance 
Roj ITB | +24.3 |+ 68.8/+ 90.1/4+153.4/+ 88.3}+115.4!+116.6)/+225.5}+112.5 

Nonsense: 
Oye eAmtt-0076. | — aol Alea bao 2 eee ecralie m ciesene<|(trscciveure: Santen e oeysi| era.a saeco 
Roj ITA } +39.5 |+ 52.0/+ 59.8/+ 0.6)/+ 63.4/+ 44.9/+ 36.1/4+ 3.5/+ 50.0 
Ope een tt Onl =O Ol toutes iatoe LD levee sachs c[kue Bats isla aveboiete allie elevate. seit sue ee aeuels 
Roj IIB | +35.6 |+ 54.9/+125.8/+ 34.8]+139.0/+105.9)+ 27.2)+ 66.7/4 66.1 

Average: 
TOMER A Mat DOE AB hem O silted Medi Ol fat ated die | eetorsiete il ale aistenelal (> aie etetn oll aleve) eteete cae stetenaers 
Roj ITA | +26.8 |+ 93.5)+ 75.1)+ 53.9}+ 71.0/+ 33.0)+ 26.8)/+ 40.9/+ 34.1 
OME eet OO apa SON 40.5.) p= OO | eg ergiisteceltio cee) ols 05) w iw wsler nba llaiioics ce feito | (oral mr wicgr eis 
Roj ITB | +16.1 |+ 87.7|+123.2|+122.0)+135.1)/+112.6/+ 65.2)/+123.6/+ 85.3 


1 In this table and in tables 25, 26, 28, and 29 the percentages represent the averages obtained by the difference 
and contrast methods. (See p. 46.) 

Our comparison of series I and II with Roj need not be carried through 
all of the different measurements which were made. It will be sufficient to 
give summary tables for the chief feature of the experiment, that is, the 
typewriting tests. In computing the effect of the alcohol, both methods 
have been used, that is, the percentages of change have been obtained (1) 
on the basis of differences by employing the preliminary values, and (2) 
by direct comparison of the control and alcohol periods, or what we have 
called the “contrast method.” The percentage results given in table 24 
are in each case an average of the results obtained by the two methods of 
computation for the percentage of errors made in the different kinds of 
typewriting. In the left-hand column of the table we indicate the nature 
of the test, i. e., practice, sense prose, and nonsense typewriting. The final 
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average results are given separately in each case for the two series of 
experiments and for the two doses of alcohol (dose A and dose B) for the 
periods following the dose. As explained previously, there were four 30- 
minute periods following the dose in series I and the whole experiment 
continued about 3 hours. In series II, there were nine 30-minute periods 
following the dose of alcohol, and the whole experiment continued about 
5 hours. The data for the first 8 periods of the second series (Roj II) 
have been included in previous tables giving the results for the whole group 
of typists. The results for series I do not appear elsewhere, and, as close 
inspection reveals no peculiarities in the data, they are given here in sum- 
mary form only. 

Most of the values in table 24 are positive, indicating an increase in 
errors of typewriting as a result of the alcohol. When minus values occur 
they are usually not so large as the plus values. As was found in the 
data for the whole group of typists, the effect of the alcohol with Roj is te 
increase considerably the percentage of error in typewriting. If the values 
in each pair of lines for series I and series II (periods 2 to 5, inclusive) are 
compared, it will be noted that the larger alcohol effect usually appears 
in series II. If the results for all three kinds of typewriting tests are 
averaged, as at the bottom of this table, it is found that in series I with 
dose A there are increases in error of 25.4, 19.7, 7.0, and 17.8 per cent for 
periods 2 to 5, while the parallel values for series II with the same dose are 
26.8, 93.5, 75.1, and 53.9 per cent. With dose B, series I, we find increases 
in error of 4.9, 32.0, 49.5, and 56.9 per cent, while series II shows increases 
for the same periods of 16.1, 87.7, 123.2, and 122.0 per cent. The two series 
therefore agree as to the direction of the effect of alcohol on the percentage 
of typewriting errors with this subject, but the effect in the second series 
is conspicuously larger with both doses. 

A further consideration of the results with Roj may be made by noting 
the effect upon the speed of typewriting as represented in the number of 
strokes per second. The average percentages of change in the speed of 
writing for the different tasks are given in table 25 for the two alcohol 
doses and the two series of experiments. It should be recalled that a minus 
sign indicates a slower rate of typewriting. As was previously found for 
the whole group of typists, the percentage effect of alcohol shown in table 
25 upon the number of strokes per second is quite small, ranging usually 
between 2 and 5 per cent. The ratio of minus signs to plus signs is 2 to 1 
in that portion of the table represented by periods 2, 3, 4, and 5. Naturally, 
when the changes are small, they will not be so uniformly in the same 
direction. Comparing the general averages for the two series of experiments 
with Roj after dose A, we find but little difference. Series I gives averages 
of —0.5, —2.0, —3.0, and —1.5 per cent in periods 2 to 5, while series II 
shows +1.2, —2.4, —2.6, and —3.9 per cent in the corresponding periods. In 
the two series with dose B, the alcohol effect appears to be less in the 
second, the averages for series II being —1.4, +0.5 —1.9, and +1.0 as com- 
pared to +3.7, —3.5, —2.2, and —3.8 per cent for series I. 

As previously explained, the experimental day in the second series was 
2 hours longer than in the first series, and thus gave results for 5 addi- 
tional periods. Examination of table 24 (p. 97) shows that these results, 


INFLUENCE OF REPETITION AND OF FOOD. 99 


which represent the periods in the interval of 2 to 41% hours after the 
ingestion of the alcohol, are all positive, with the single exception of 
period 7, dose A, with the practice sentence. Most of these values are of 
fairly large denomination and force one to conclude, especially for periods 
6, 7, and 8, for which the data are more nearly complete, that the alcohol 
effect is still prominently present at this time. Unfortunately, the data for 
periods 9 and 10 have but one normal day for comparison, and probably a 
part of the eccentricity of these percentages is to be explained by this cir- 
cumstance. It seems conclusive, however, that the experiments were not 
prolonged sufficiently to show a great reduction in the alcohol effect as 
expressed in the tendency toward increase in typewriting errors. 


TABLE 25.—Injfluence of routine on alcohol effect in two series of experiments with Roj as indi- 
cated by percentage change after alcohol in strokes per second in typewriting. 


| Typewriting Percentage change in number of strokes for periods after dose. 


material, 
series, 
and dose. 2 3 4 5 6 ad 8 9 10 

Practice: 

OU eA Orem bl PBs OPS over coal lecauel avechsn llateuenseee | ace ewtGaee | eee 

Roj IT A...| +1.7 —1.6 | +0.1 —4.9 | +1.6}] —6.3 | +38.2] +1.6 | 41.6 

ovmnisee ie On Omb— sin] iO 1) Sade ene. eec ee cee ee ON me oh Bee ee 

Roj IT B...} +0.1 —1.6 | —6.3 | +1.7]} +0.1 —3.1] 41.6} +1.7 | +9.7 
Prose: 

Rowe leAse yt One —— 2 OT ON 4 Bite ede ie acs [be ot cele anes eee 

Roj IT A...| +1.8 | —0.1 —3.8 | —5.6} —0.2 |] -1.9 | —0.1 —5.6 | +1.8 

ROMER cede fo On ek Oe = 8 are eerste MS cues cue cc (Gee atcallc eurctckows eee a cua 

Roj IIT B...| +0.9 | +0.9 | —2.9]} —1.0 |] +6.7 ] +2.8 | +4.7} +0.9 | +2.8 
Nonsense: 

HOM AAR fee — Os 921) Sct -O8 Del 6) Bel BO | es sarccatt ss lis See site (eiete Sain olfteresale eho |leespe eaten 

Roj IT A...| 40.0 | —5.4 | —4.0] —1.3 |] -—1.8 | —3.4] —0.4] -—1.1 —9.9 

FLOim ee eee 4 IL =O Sel EEO UA I Aare ects oi] ones. 5 shave Src Pat cee ate flab ercbsreteallleeaus erereas 

Roj II B...| —5.1 +2.2) +3.5 |] +2.2 |] +3.2] -—6.6 |] +3.3 } +5.7 | -—1.8 
Average: 

OT Me Le Aechmea ON ab OE mE BS bide a poe an listia cous Grivel] 6. eaters aro evsistiousdl a rorsloce: ene 

Roj IT A...| +1.2 | —2.4 | —2.6 | —3.9 | —0.1 —3.9 | +0.9 |] —1.7 | —2.2 

ROME ee afore. leo Ol Pm Sy OO ier entre, Srane | lauater ss aue\liavsue o piehe'| eva onsen ,| viet ast ahacs 

Roj II B...| —1.4 | +0.5 | —1.9 | +1.0 | +38.3 | —2.3 |} +3.2 | +2.8] +3.6 


In the portion of table 25 represented by periods 6 to 10, plus signs are 
very slightly predominant, indicating a tendency to a faster speed in type- 
writing than had been obtained in the previous 2 hours. Hence the effect 
of alcohol on the speed of typewriting nearly disappears during this period 
of 2 to 414 hours after the taking of the dose. The tendency to write a 
little faster at this time very likely accounts in part for continuation of 
the rather high percentages of error in the same time interval in table 24. 

The results of this comparison between two successive sets of type- 
writing experiments on the same subject and for factors of both accuracy 
and speed of typewriting are summarized in table 26. For simplified 
comparison, the percentage effects of alcohol have been grouped into the 
first and second 2-hour periods by averaging the results of periods 2 to 5 
and those for periods 6 to 8. The three kinds of typewriting tests, as well 
as the experimental series, are indicated in the column at the left. Among 
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the results which represent periods 2 to 5, there are two exceptions to the 
general tendency. For percentage of errors, all are plus excepting sense 
prose in series I, with dose A. For the speed of typewriting, all values are 
minus, indicating slower speed, with the exception of the average for non- 
sense in series II, with dose B. The table itself is the simplest possible 
comparison for the three kinds of typewriting. The averages shown at the 
bottom in round numbers provide the following general results: Series I, 
dose A, periods 2 to 5, increase in errors, 18 per cent, decrease in speed, 
2 per cent. For the same periods in series II, the increase in errors is 62 
per cent and the decrease in speed is 2 per cent. For the first 2 hours after 
dose B, series I shows an increase in errors of 36 per cent and a decrease in 
speed of 2 per cent. For series II with the same dose there is an increase 
in errors of 87 per cent and a decrease in speed of about 1 per cent. 


TaBLE 26.—Comparison of effect of alcohol in first and second 2-hour periods in two series of 
typewriting experiments with Roj. 


Percentage change in periods 2 to 5.| Percentage change in periods 6 to 8. 


Typewriting 
material Dose A. Dose B. Dose A. Dose B. 
and series. ee a ee ee 
Errors. | Speed. | Errors. | Speed. | Errors. | Speed. | Errors. | Speed. 
Practice: 
Risks ack 4621 2B eos boc culo ae whi ed oe ee eee eee 
Baer +114.9 | —1.6} + 9.5 | —0.5 | 4115.4} —0.5 
Pee B72 64 a se 2 Seine Sate ce ee ee 
Re tc + 84.2) — .5 | +73.2 |] — .7 | +106.8 | 44.7 
tus oes +622) = 1.54). .  RA aes ES. ee ee eee 
Shisd ete + 62.8} + .7] +48.1 —-1.9|] + 90.7} — .1 
Ram aan + 36 —2 3 ASR eo] Se oo] Oe eee ae ee 
He ara + 87 —l +44 —1 +104 +1 


From these data it is seen that in the second series the effect of the 
alcohol was much more prominent, as indicated by the increase in type- 
writing errors. An examination of the data for the two sets of normal 
days of the two experimental series (see table 27) reveals a condition 
which has a bearing on this increase of errors. The two normal days of 
series I show average percentages for typewriting errors in periods 1 to 5 
as follows: 2.2, 2.7, 3.2, 3.2, and 3.2 per cent. The similar averages for 
normal days of series II are 3.2, 3.1, 3.7, 3.8, and 3.5 per cent, and for 
periods 6 to 10, inclusive, 3.4, 3.7, 4.2, 3.6, and 3.1 per cent. The average 
number of strokes per second for the three kinds of typewriting tests in 
series I are 4.6, 4.7, 4.8, 4.7, and 4.8 for periods 1 to 5. The similar 
averages for series II are 5.1, 5.0, 4.9, 4.9, and 4.8 strokes per second, while 
those for periods 6 to 10 are 4.7, 4.8, 4.7, 4.7, and 4.8 strokes per second. 

From this comparison of the performance levels for the two groups of 
control days, it is evident that in the second series of experiments, the sub- 
ject wrote at faster speed and made normally a larger number of errors. 
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There is no alternative but to assume that this tendency was likewise 
operative in the alcohol days, with the result that the effect of the alcohol 
on the accuracy of the typewriting appeared larger in the second series. 

The repetition experiments made with Subject VI* in an earlier research 
verify the direction of the former results obtained on this man by previous 
experimenters (Dodge and Benedict)’ with the same apparatus and, in 
general, with the same experimental procedure. The second series with 
Subject VI showed a somewhat stronger and clearer alcohol effect. The 
results for the repetition experiments on Roj presented in the preceding 
pages are in agreement with those for Subject VI in earlier publications, 


TABLE 27.—Results of typewriting experiments with Roj on normal days. 


Be sewrating Periods after control dose. 


material 
and series. 


Errors (p. ct.): 
2. Roj I: 
Practice 


Nw XL} 


ES Nonsense 
Average 
Roj II: 
Practice 


Mano Toe 


W iP bo OO W HB dO CO 


a! 
3 
4 
3 


Strokes per sec.: 
Roj I: 
Practice 


Average 
Roj I: 
Practice 


=e Oo AnNtwwo 
mw OID m LO Or 


woorw aNwe 
Coonr NNW bo 
mW Bm LO Or 


that is, Roj I and Roj II confirm each other as to the nature of the alcohol 
effect found and show a somewhat clearer or larger change due to the 
beverage in the second series of experiments. Any developing tolerance for 
alcohol in these cases has not been sufficient to reverse this order and cause 
a decrease in the influence of alcohol in the later tests. bells 
Alcohol tolerance, such as is discussed by Pringsheim’ and Schweisheimer* 
in their biochemical researches, probably develops too slowly to produce 
much, if any, change in the results of our studies. On the other hand, the 
more pronounced changes of efficiency found in the second series of experi- 
ments with these subjects can hardly be ascribed to an accumulative effect, 
as in each case the repetition tests were well removed from the initial series. 


i i 126 to 131. 
4 Miles, Carnegie Inst. Wash. Pub. No. 266, 1918, pp. 
> Dodge and Benedict, Carnegie Inst. Wash. ce No. 232, 1915. 
© Pringsheim, Biochem. Zeitschr., 1908, 1250s . 
4 Schweisheimer, Deutsch. Arch. f. klin. Med., 1913, 109, p. 271. 
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It is our belief that factors of habituation and subjective attitude are the 
probable cause for this observed change. As the experimental routine 
became better established and more a matter of regular everyday work, the 
mental attitude and behavior were more natural and the subject was not so 
constantly or keenly aware of being tested. To quote from the former 
report: “While Subject VI served willingly and seemed to cooperate in the 
measurements, one constantly had the impression that he was not trying 
hard in the tests in which voluntary functions were involved.”* Under 
these circumstances, the alcohol as a psycho-dynamic influence was not so 
frequently struggled against by autogenic reinforcement and the more 
typical intensity of alcohol effect was revealed.” 

The results from these repetition experiments indicate the important 
probability that when alcohol is taken in connection with the everyday 
routine occupation, the resulting decrease in efficiency may be larger than 
the effects usually observed in laboratory experiments with the same 
amounts and dilution conditions of dosage. In the typical unprejudiced 
laboratory study, the experimenter with his program of tests practically 
makes this challenge to the subject: “Can you do as well after the ingestion 
of alcohol as without it?’ The whole experiment revolves around the 
subject; the swallowing of the alcohol is a mere incident, after which he is 
supposed to concentrate attention on his tasks; his performance is the 
center of interest and he is stimulated to do his best. Outside the labora- 
tory the alcoholic beverage is taken voluntarily and there is reason to sup- 
pose that the individual is willing and desirous of at least a mild alcohol 
effect which will not be subjectively resisted unless unusual circumstances 
present themselves afterwards. 

In conclusion, one individual has been used as a subject in two series of 
experiments. All the conditions were as nearly the same as possible, except 
that in the second series the experiments continued 2 hours longer and 
were 1 hour nearer to the time of taking the last food. The alcohol effect 
in the second series was in the same direction and larger than that shown 
in the first, i. e., ethyl alcohol as an influencing agent has increasing effect 
on efficiency under conditions of well-established routine. Therefore the 
probability exists that the alcohol effect is stronger in a practical way when 
the beverage is taken outside the laboratory and without the stimulating 
influence of laboratory tests. Experiments continuing for 41%4 hours after 
the ingestion of 24 to 36 grams of alcohol exhibit an increase in type- 
writing errors throughout this time. The maximal decrease in efficiency is 
found about 11% hours after the ingestion of alcohol. 


INFLUENCE OF FOOD ON THE EFFECT OF ALCOHOL. 


Repetition series of experiments were likewise performed on two other 
men of the group of typists, Fam and Mih. Both were very good operators 
and held excellent positions in the city. In the evening following their 
office work, which was not heavy during this period, they came to the 
Laboratory for the alcohol experiments. The first series for each man 


* Miles, Carnegie Inst. Wash. Pub. No. 266, 1918, p. 14. 
> Seemingly the ‘‘accumulative alcohol effects’ sometimes reported in the literature might at 
least be partly explained in this way. 
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differed from the alcohol typewriting experiments previously discussed in 
that the subject ate a large meal at the Laboratory immediately before 
beginning the evening’s work. These two subjects had by arrangement 
taken an unusually light luncheon and were ready for a full meal. The food 
was prepared at the Laboratory and was essentially uniform as to variety 
and quantity. It consisted of beefsteak, boiled potato, bread and butter, 
and whole milk. For our comparison purposes it is not necessary to give 
the weighed quantity actually consumed of each of these food materials, 
although these data were kept in the protocols. It is sufficient to note 
that the energy content of the meal for Fam was approximately 1,900 calo- 
ries and for Mth 1,600 calories. The men were not required to eat a certain 
quantity, and each subject showed some variation in the amount consumed 
in successive days. Some other individual always ate with the subject, so as 
to make the food consumption seem less a matter of experimental routine. 

Immediately after the meal, the initial arrangements for the experiment 
were made; the preliminary period was completed and the dose for the 
evening ingested about 45 minutes after the meal was finished. On two 
preliminary days a somewhat longer period elapsed between the finishing 
of the meal and the taking of the dose, but these preliminary days are not 
included in our comparison results, and are part of the necessary adapta- 
tion of the subject to the routine procedure. Each experiment was about 
5 hours in length. Fam was able to complete 8 periods in this time, while 
Mth, who wrote somewhat faster, could complete 10 periods. The net body- 
weight of Fam was about 53 kg. and of Mih 75 kg. Dose A for each man 
was adjusted to approximate 0.5 c. c. of absolute ethyl alcohol per kilogram 
of body-weight. This equaled 26 c. c. for Fam and 35 c. c. for Mth, or 21 
and 28 grams of ethyl alcohol, respectively. In both cases it was given 
in a concentration of 14 per cent by weight. Dose B was approximately 
50 per cent larger than dose A, so that the amounts given were 40 c. c. and 
53 c. c., or (see table 1) 32 and 42 grams, respectively, for Fam and Mth. 
Dose B was given in a concentration of about 21 per cent by weight. The 
control doses were of the same volume and content, except for the alcohol, 
and as usual in these experiments, an effort was made to mask the control 
dose by wiping the rim of the glass with strong alcohol just previous to the 
ingestion of the beverage. Each subject, in his second series, had the same 
alcoholic dosage as in the first series, but the taking of the alcohol was 
separated from the previous food by about 3 hours in the case of Fam and 
more than 5 hours in the case of Mih. Otherwise, the experimental pro- 
cedure for the first and second series was as nearly the same in reference 
to time of day, duration of experiment, and all other routine as can be 
procured in a repetition series. 


Errect or ALcoHoL WitH AND WirHovut Foop IN COMPARISON 
EXPERIMENTS WITH Fam. 


Our comparisons in these two repetition series, on which the influence 
of food in the stomach is the factor under consideration, need not go beyond 
a discussion of the typewriting results, for these are perfectly typical. The 
comparison will be made separately for each man. The average results for 
the percentage of errors in typewriting are shown for Fam in table 28. This 
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table is arranged in the same general form as table 24 for the comparison 
series with Roj. At the left of the table, the kind of typewriting task 
(practice, prose, or nonsense) is indicated with the dosage. The experi- 
mental series is also given, I being with food and II without food. The 
number of periods is the same for each experimental series, the seven 
30-minute periods following the dosage representing approximately 4 hours. 
A plus sign denotes an increase in the number of errors following alcohol, 
while a minus sign specifies a decrease in the number of errors. In the 
whole table there are more than twice as many plus signs as there are 
minus. For series I, including all periods and the three kinds of type- 
writing results, there are 17 minus values, 23 plus values, and two zeros. 


TaBLE 28.—Percentage change in errors of typewriting following ingestion of alcohol by Fam 
with and without food. 


{Fam I, alcohol taken soon after food; Fam II, alcohol taken on empty stomach.] 


Typewriting Percentage change in errors for periods after dose. 
material, 
series, 
and dose. 
Practice: 
Fame lear. —48.7 | — 48.1] — 66.7 | — 78.4 | — 67.5} — 49.8] +49.8 
HammyblyAr ae. +18.8 | — 63.8 | + 56.3 | + 72.1 | +121.6 | + 40.2] +67.5 
Hamnleb sees +49.5 | — 32.9] + 96.2 | + 36.4] + 24.9] + 31.6] + 9.1 
Fam II B..... —20.9 | +128.4 |} +123.0| + 8.4] + 34.1] + 20.2] —38.3 
Prose 
TOS i el CNS 4 +12.8 | — 22.9] — 21.8] — 65.9] — 34.7] + 6.6] + 6.6 
Fam Il.A...,.. +18.7 | + 35.0 | +100.2 | + 64.4 |] + 28.4] + 12.9] +27.5 
Wam 1B. i... + 7.4] + 138.4] — 138.1] + 0.0] + 12.7] — 13.1] —13.1 
Fam IIT B..... + 2.5} + 28.9] + 2.5] — 2.5] + 27.5] + 12.3] 419.1 
Nonsense: 
Fam IA..... +12.38 | + 0.0} — 23.0 | — 64.5 | + 23.8 |] + 14.2] 416.0 
Hamel leAcw — 5.4) + 67.5} + 6.4] + 34.8 | + 21.2] — 66.0] —42.2 
Fame I Bos... — 8.3] + 19.5] + 41.0] + 0.4] + 25.7] 4118.0] +58.4 
amelie Base + 6.3 | + 57.0] +128.2 | +168.2 | + 14.3] + 41.3 | +75.6 
Average: 
Pain Saye — 7.9| — 23.7] — 37.2| — 69.6| — 26.1| — 9.7] +241 
Fam II A..... +10.7 | + 12.9] + 54.3] + 57.1] + 57.1] — 4.3] 417.6 
Ham Banc +16.2| + 0.0; + 41.4] + 12.3 |] + 21.1] + 45.5] 418.1 
Fam II B..... — 4.0| + 71.4] + 84.6] + 58.0] + 25.3] + 24.3] 416.5 


This includes the results for both doses A and B. For series II, there are 
7 minus values and 35 plus values. Minus values are noteworthy for the 
first series (with food) with dose A. The combined averages for all three 
typewriting tasks for the periods in order are —7.9, —23.7, —37.2, —69.6 
—26.1, —9.7, and +24.1. These results, while not in apparent agreement 
with the rest of the picture, can not be discounted, for the two methods 
of computing, i. e., from preliminary differences and by direct comparison 
show very closely agreeing values, so the average appears to be just. The 
results for dose A, series II, when the alcohol was taken on a comparatively 
empty stomach, indicate increases in errors from periods 2 to 6, ranging 
from about 10 to 57 per cent. Series I for dose B shows a fairly large 
increase in typewriting errors, but in series II with the same dose there 
was a larger increase. 
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The percentage changes in the speed of typewriting in the two series with 
Fam after the ingestion of alcohol are given in table 29. Alcohol did not 
produce much change in the speed of typewriting with this man. There 
is no striking difference between the two experimental series observable 
in this table; plus and minus signs are about equally frequent, but in the 
second series (without food) there are relatively fewer plus values, and 
therefore on the whole a slightly slower writing rate. 

The changes with this subject after alcohol can be readily seen in the 
summary table 30, in which the values for the first and second 2-hour 
periods are grouped for averaging, and the final results given for changes 
in errors and speed of typewriting after both dose A and dose B for the 


TABLE 29.—Percentage change in number of strokes per second in typewriting following inges- 
tion of alcohol by Fam with and without food. 


[Fam I, alcohol taken soon after food; Fam II, alcohol taken on empty stomach.] 


Percentage change in number of strokes for periods after dose. 
Typewriting material, 
series, and dose. 
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three kinds of typewriting tests. Averaging all of the results, in the first 
2 hours following the ingestion of dose A (periods 2 to 5), we find in series 
I, with food, that there is a reduction in errors of 34.6 per cent, with a 
diminution in speed of 9.4 per cent. In series II, after the same amount 
of alcohol but without food, there is an increase in error of 33.8 per cent, 
and a decrease in speed of 1.3 per cent. The same time interval with dose 
B, series I, with food, shows an increase in error of 17.5 per cent, and an 
accession of speed of 2.5 per cent, while series II, without food, gives an 
increase in error of 52.5 per cent and a diminution in speed of but 0.6 per 
cent. In the interval 214 to 4 hours after the alcohol, that is, periods 6 to 8, 
inclusive, the results with dose A for series I, with food, shows a slight 
decrease in error of 4.3 per cent and an increase in speed of 5.7 per cent. 
In series II, without food, there was an increase in error of 23.4 per cent, 
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with a slight decrease in speed of 1.0 per cent. With dose B there is an 
increase of error in both series, i. e., 28.3 per cent in the first and a some- 
what smaller percentage of 22 per cent in series IJ. There is an actual 
increase in speed, also, in both series, but this was less in the experiments 
in which no food preceded the alcohol (series II). 


TasLE 30.—Comparison of effect of alcohol in first and second 2-hour periods in typewriting 
experiments with Fam with and without food. 


[Fam I, alcohol taken soon after food; Fam II, alcohol taken on empty stomach.] 


Percentage change in periods 2 to 5. | Percentage change in periods 6 to 8. 


Typewriting 
material Dose A. Dose B. 
and series. 


Dose A. 


Errors. | Speed. | Errors. | Speed. | Errors. | Speed. 


Practice: 
Iie) Ue cate —60.5 | —11.5 | +87.3 | +2.7 | —23.8 | + 7.6] +21.9 | +5.7 
MamolT eres: +20.9| — 1.2] +59.7 | +2.5 | +76.4 |} — 2.9} + 5.4| 44.4 
Prose: 
Tet & oboae —24.5} — 8.6] + 2.0] +4.5] — 7.2] +12.0| — 4.5 | +6.4 
Ham Ul ee. +54.6] + 0.5} + 7.9] —0.5 | +22.9]| + 1.3 | 417.3 | +3.1 
Nonsense: 
ani lane —18.8 | — 8.1 |] +13.1 ] +0.3 | +18.0] — 2.4] +67.4 | —0.7 
Fam II... +25.9 | — 3.3} +90.0 | —3.7 |] —29.0| — 1.5 | +43.4 | —0.2 
Average: 
labirey Vo goane —34.6 | — 9.4] +17.5 | 4+2.5 | — 4.3} + 5.7] +28.3 }] +3.8 
Fam II......} +83.8 | — 1.3 | +52.5 | —0.6 | +23.4] — 1.0 | +22.0} +2.4 


Errect or AtcoHoL WitH AND WitHouT Foop IN COMPARISON 
EXPERIMENTS WitH MH. 


The data for the comparison series with Mzth, the other subject on whom 
experiments with and without food were made, need not be discussed in so 
much detail as the results for Fam. The difference between series I and II 
with Mth is in the same direction as that noted with Fam, but is more 
prominent. Table 31, which gives a summary of the effect of alcohol on 
the percentage of typewriting errors, contains many values which are 
larger than those found in table 28, and these are nearly always plus in 
direction, indicating an increase in the number of typewriting errors. The 
composite averages for the typewriting errors at the bottom of the table 
are all plus values in series II with both doses, and the increases are very 
prominent. The parallel figures for series I, when the subject had had food, 
are usually of smaller denomination and fluctuate in sign. 

In table 32, in which data regarding the effect of alcohol on the speed 
of typewriting are grouped for the two series with Mih, minus values pre- 
dominate, indicating a general decrease in speed. In the combined type- 
writing averages for series I with dose A, the general direction of the change 
is a decrease in speed, but the decrease in series II, when the subject was 
without food, is considerably more prominent. The same characteristics 
are found when the two series after dose B are compared as to the effect 
of alcohol on the speed of typewriting. 
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TABLE 31.—Percentage change in errors of typewriting following ingestion of alcohol by Mih 
with and without food. 


[Mih I, alcohol taken soon after food; Mih II, alcohol taken on empty stomach.] 


se eee a a 


Typewriting Percentage change in errors for periods after dose. 
material, 
series, 
and dose. 2 3 4 5 6 if 8 
Practice 
Mihai T Aces... — 15.4 | + 24.1 | + 11.2] +42.3 | +114.4}) 411.6] — 73.3 
Miah rE Ac... + 14.8 | +213.4{ + 3.7] +14.0] + 62.0] + 9.0] — 35.3 
Mihvi+B oe. — 20.0] + 39.4] — 2.9] + 7.1 — 15.9|} — 4.5] — 44.0 
Vib Bae — 11.1 +180.5 | + 22.0] +50.0 | — 31.0] + 7.9] — 70.8 
Prose 
Mihwie ACen 4. — 33.3 | + 17.1] + 6.1] —29.3}] + 17.1] +5.6] — 1.6 
MiGheri Ate i: +112.5 | +200.0 | +189.3 } +85.0 | + 93.3 |] +389.6 | + 61.7 
Minha tb. — 1.4] + 21.9] + 6.6] —15.0} + 15.7 |] +28.2] + 28.2 
Mabetioh ss ae +139.9 | +181.4 | +119.1 ] +62.5 | +138.9 | +41.6]| + 47.6 
Nonsense: 
Wii EAS 2 on. — 60.9} — 5.9] — 27.6 | —36.2} + 16.5] + 9.2] — 28.2 
INGER AL eos: + 33.8 | +109.5 | — 44.5} + 1.3] — 15.0] 419.6] + 81.4 
NitheT Boe — 16.6] — 16.6] — 34.8 | —10.3 |] + 60.6 | +53.8 | + 39.5 
VRE Bo ee: +413.3 | +153.3 | +203.6 | +13.4 | + 46.7 | +34.3 | +128.6 
Average 
Mihe TA. . — 36.5| + 11.8] — 3.4] —7.7| + 49.3] + 8.8] — 34.4 
MingL i AS. + 53.7 | +174.3 | + 49.5 | +33.4 | + 46.8 | +22.7 | + 35.9 
MibGl'B te — 12.7| + 14.9 — 10.4] — 6.1 + 20.1 +25.8} + 7.9 
Mihi Bes... +180.7 | +171.7 | +114.9 | +42.0] + 51.5 | +27.9 | + 35.1 


TABLE 32.—Percentage change in number of strokes per second in typewriting following 
ingestion of alcohol by Mth with and without food. 


[Mih I, alcohol taken soon after food; Mzh II, alcohol taken on empty stomach.] 


Percentage change in number of strokes for periods after dose. 
Typewriting material, 
series, and dose. 


?) 3 4 5 6 7 8 

Practice: 

Mine AS eset -sciecas, <1» —0.8| — 2.4} + 0.8 | -—5.6}] — 4.1 | —0.8 | —2.5 
VET  tAtors cates aie'e,e.ece 6c — 2.3] —11.5| — 8.5| —7.1 | — 3.9} +0.8| —0.8 
WYGliy URIS. pe eee —1.6{ —1.6}] — 4.8 | —4.8|] — 3.3 |] —3.3] —1.7 
Ys 8 0183 OM SO eae an, irra — 3.9] —11.5| — 8.5] —7.0| — 3.9 | —3.9] +0.8 

Prose: 

Vir BAe, oot chore Jaret +0.0]/ +0.0/] — 3.6) -—1.8|] — 5.4] —1.8] —3.6 
Minh: DAs erate states eictne — 4.6 | —16.5 | —15.1] —9.7 | — 2.7 | —4.5 | +2.8 
Mi LEB er ecretore sioevricccs a OLON ene Se — a2. — 0) te OL ee We 5a 
IVES ET BS ies s crieveraconsts setts, s — 2.7 | —18.3 | —13.3 | —6.2 | — 6.3} —6.2 | +1.0 
ense: 

Oe es Te Aes ateealsstiees Ss + 2.6) — 3.8 | + 3.2] +0.3 | = 0.0)) —3)5b | —9.6 
1.4 0 oy OW eee otnrienomae = 0.2) —5.2| — 3.7) +2.2 |) + 8.8 |} +8.0 | --1.2 
JMB ged bell 8355 Re oe ire eaceneucne eA Ott 2. tois— 2.7 | 40.59) 4.4 | 4 oe 
Mine Beeps crecstotaes —23.0 | —15.4 | —12.0} —4.5 | — 1.0; —1.9] —1.0 

A ae Org rege tet 24 | 8 le Oo, 2 
DVET IVA fore occas re esos — 2.3 | —11.1 | — 9.1 | —4.9| + 0.7 | +1.4] +1.1 
Milage Bsn eicmy seis) sate +1.1| —0.4] — 4.9} —3.4] — 3.2] —4.8| —1.3 
Minott Be eee hace: — 9.9} —15.1} —11.3} —5.9 | — 3.7 | —4.0] +0.3 


eae 


108 ALCOHOL AND HUMAN EFFICIENCY. 


A summary of the values obtained with Mih is given in table 33, with 
the results averaged for the first and second 2 hours (periods 2 to 5, and 
6 to 8, inclusive). The general comparative results for this subject in the 
two series are fairly clear cut. In the first 2 hours of series I, with dose A, 
preceded by food, there is a decrease of 9 per cent in error and a slight 
decrease in speed of 1 per cent. With the same dose in series II, when the 
subject was without food, there is an increase of error in the first 2 hours 
of 77.7 per cent, and a decrease in speed of 6.9 per cent. With dose B, in 
series I, with food, there is a slight decrease in error of 3.5 per cent, and 
as before a slight decrease in speed of 1.9 per cent. With the same dose 
in series II, without food, there is a still larger increase in error of 127.3 
per cent, and a considerable decrease in speed of 10.5 per cent. In the 


TaBLE 33.—Comparison of effect of alcohol in first and second 2-hour periods in typewriting 
experiments with Mih with and without food. 


[Mzth I, alcohol taken soon after food; Mzh II, alcohol taken on empty stomach.] 


Percentage change in periods 2 to 5. | Percentage change in periods 6 to 8. 


Typewriting 
material Dose A. Dose B. Dose A. Dose B. 
and series. ea en 
Errors Speed Errors Speed. | Errors. | Speed. | Errors. | Speed 
Practice: 
Mih I....} + 15.6; — 2.0| + 5.9| — 3.2] +17.6 | —2.5 | —21.5 | -—2.8 
MibII....} + 61.5 | — 7.4 | + 60.4 | — 7.7] +11.9 | —1.3 | —31.3 | —2.4 
Prose: 
Mih I....| — 9.9} —1 + 3.1! — 4.0] + 7.0] —3.6 | +24.0 | —7.8 
Mih II....| +146.7 | —11.5 | +125.7 | —10.1 | +64.9 | —1.5 | +76.0 | —3.9 
Nonsense: 
Mih I....| — 32.7] + 0.4] — 19.6] + 1.5] —0.8 | —4.4] +51.3 | 41.3 
MibII....} + 25.0 | — 1.7] +195.9 | —13.7 | +28.7 | +6.0 |] +69.9 | -1.3 
Average: 
Mih I....| — 9.0} —1.0 | — 3.5 | =—-L.9°| + %9 | —3.5 |] 417.9 |] —3-2 
Mih IT....| + 77.7 | — 6.9 | 4127.3 | —10.5 | 435-2 | +1.1 | 488.2 | —2.5 


second 2-hour period (periods 6 to 8) covering an interval 214 to 4 hours 
following the ingestion of alcohol, the averages for series I with dose A and 
with food preceding reveal some increase in error (7.9 per cent), with a 
decrease in speed of 3.5 per cent, while series II, with the same dose, shows 
a larger increase in errors of 35.2 per cent, but no decrease in speed; there 
was, in fact, a slight increase in the number of strokes per second of 1.1 
per cent. With dose B, which was 42 grams of alcohol with this individual, 
with a concentration of 21 per cent, in series I there was an increase in error 
of 17.9 per cent, with a decrease in speed of 3.1 per cent. In series II there 
was a larger increase in error of 38.2 per cent, but not quite so much of a 
decrease in speed, this being but 2.5 per cent. 

The conclusions to be drawn from these two sets of repeated experiments 
with Fam and Mih are obvious. The one factor which was consciously 
varied was the presence and the amount of food in the stomach. The 
alcohol dosage, the experimental tests, the time of day, etc., were otherwise 
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identical. The food was used in the first series and two preliminary days 
were employed. The second series without food occurred approximately 
two months later and, in each case, one preliminary day was used. Both 
subjects revealed the fact that when the alcohol was taken shortly after 
the ingestion of a full meal the effect, as exhibited in the accuracy and speed 
of neuro-muscular processes during a 4-hour interval following ingestion, 
was very much reduced and considerably delayed in its appearance as 
compared with the effect found when the alcohol was taken 3 to 5 hours 
after food. The natural inference to be drawn from this comparison is 
that the presence of food in the stomach sufficiently dilutes the alcohol 
and retards its absorption, so that the toxic effect is considerably reduced 
and the maximal effect is delayed roughly 2 hours. When we judge entirely 
from these data and use the accuracy of typewriting as a measure of the 
alcohol influence, it is conservative to estimate that the effect is several 
times larger when the alcohol dose is taken on an empty stomach than 
when it is taken in close proximity to a full meal. 

Although food as a factor modifying the influence of alcohol on the 
organism has not received direct experimental attention at all commen- 
surate with the practical importance of this problem, there are some obser- 
vations scattered in alcohol literature which may be cited in connection 
with our results obtained in 1915. Weissenfeld,’ in studying respiration 
and circulation on himself, found that the changes produced after alcohol 
were largest when the 13.7 per cent of alcohol in wine was taken on an 
empty stomach. V6ltz, Baudrexel, and Dietrich,’ in experimenting with 
men to whom they gave 0.8 c. c. absolute alcohol per kilogram of body- 
weight, report seven times as much alcohol in the urine when the dosage 
was without food. The influence particularly of lipoidal substance on 
alcohol absorption is reviewed by Hanzlik and Collins,’ who give several 
references. In their own experiments with ligated loops of cat intestine, 
small amounts of olive oil mixed with the alcohol reduced the absorption 
27 per cent. Dodge and Benedict* had one subject (X) who took a full 
meal just before the alcohol experiments. He demonstrated less than the 
average alcohol effect in the psychological tests used by these authors. In 
reporting some experiments on alcohol and marksmanship, Kraepelin’ 
observed that in the afternoon tests following the midday meal the alcohol 
effect was much less than when the alcohol was taken on an empty stomach. 
Recently, British workers, at the request of the Central Control Board of the 
Liquor Traffic, have also attacked this problem on the influence of food on 
the toxic action of alcohol and have accumulated much evidence. Vernon‘ 
remarks (pp. 58, 59) on the curious lack of data in regard to food in the 
earlier alcohol literature. He gives no references, but briefly reports several 
experiments on alcohol and typewriting with results which closely resemble 


® Weissenfeld, Arch. f. d. ges. Physiol., 1898, 71, p. 60; Vogt, Norsk Magazin f. Laegevidenskaben, 
1910, 8, p. 605, confirms this and states that 20 to 25 c. c. of alcohol without food gave a 
stronger effect on memory than did 50 c. c. with food. 

> Véltz, Baudrexel, and Dietrich, Arch. f. d. ges. Physiol., 1912, 145, p. 210. 

© Hanzlik and Collins, Journ. Pharm. and Exp. Therapeutics, 1913, 5, p. 185. 

4 Dodge and Benedict, Carnegie Inst. Wash. Pub. No. 232, 1915, p. 263, table 50; see also Miles, 
Carnegie Inst. Wash. Pub. No. 266, 1918, pp. 137 and 139. 

¢ Kraepelin, Internat. Monatsschr. z. Erforsch. d. Alkoholismus, 1916, 26, Hft. 10-11. 

f Vernon, Med. Research Com., Sp. Rpt., Ser. No. 34, London, 1919. 
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ours on Fam and Mth. When the alcohol was taken with food, the effect 
was much delayed and only about one-half as large.’ The effect of food 
in the alimentary canal on the absorption of alcohol, measured by the 
amount of alcohol appearing in the blood of dogs at intervals after ingestion, 
was extensively studied by Mellanby.” He found that foods, especially whole 
milk, delayed the appearance of the maximal alcohol concentration in the 
blood and invariably depressed it.’ Finally, McDougall and Smith,’ using 
a highly complicated coordination test, have published two series of results. 
The ingestion of 30 c. c. of absolute alcohol, diluted to 60 c. c. with water, 
immediately after a small meal, gave an increase in errors of only 6 per 
cent, but when the alcohol was taken from 2 to 11 hours after the last food 
(usually 414 hours), the alcohol effect was a change of 118 per cent. 

In these quoted results, as in the data for Fam and Mih, obviously both 
repetition and food are involved. We may go a little way in disentangling 
the two factors, using typewriting errors as our index of alcohol effect: 


Average errors for periods 2 to 6 and for doses A and B. 


First series Second series 
Lig and Suf No food, +37 per cent (No repetition experiments) 
Roj No food, +27 per cent No food, +75 per cent 
Fam and Mth With food, — 7 per cent No food, +73 per cent 


Fam and Mth without food in the second series compare well with Roj 
under the same conditions. But the results of the first series with Fam and 
Mth with a meal just before the experiment, when compared with those for 
Roj, Lig, and Suf, who did not have food, show a marked difference. The 
typing efficiency of the latter subjects suffered 27 to 37 per cent; that of 
Fam and Mih was, in fact, a little better than normal, the result being —7 
per cent. (During periods 6 to 8, their average was +12 per cent.) These 
results which do not involve repetition as a factor strongly indicate that 
food taken with alcohol reduces the intensity of toxic influence, delays the 
maximal effect, and through retardation of absorption delays the disap- 
pearance of alcohol from the organism. 


CONCLUSIONS AS TO THE EFFECT OF REPETITION AND FOOD. 


The two factors which have been the objects of direct experimentation 
and discussion in this chapter seem to modify the alcohol effect in opposed 
directions. With mere repetition of experimental routine the toxic influence 
is more prominent, suggesting that the alcohol effect usually found in the 
laboratory is probably not so large as exists outside the laboratory. The 
taking of food just before or with the alcohol causes a marked decrease in 
the intensity of effect produced, a result which is substantiated by the 
experiences of everyday life. 


“In Dr. Vernon’s paper, page 49, figure 12, measurements were made at intervals of two or 
more hours and it can hardly be assumed that the exact points of maximal effect were 
found. The smoothing of the curves has been carried to an extreme. 

» Mellanby, Med. Research Com., Sp. Rpt., Ser. No. 31, London, 1919, p. 22. 

° Salzmann (1912), quoted by Thunberg, Alkoholens Fysiologiska Verkningar, Stockholm, 1920, 
p. 30, found that 1.6 to 2.0 grams of alcohol per kg. of body-weight given with cream to cats 
pepduced almost no effects, while 1.2 grams per kg. given in water definitely influenced the 

ehavior. 

4 McDougall and Smith, Med. Research Council, Sp. Rpt., Ser. No. 56, London, 1920, p. 32. 


CHAPTER IV. 


EFFECT OF DILUTE ALCOHOL GIVEN BY RECTAL 
INJECTION DURING SLEEP. 


Dr. T. M. Carpenter, of the Nutrition Laboratory, has made a large 
number of experiments in which he studied the metabolism following the 
introduction of various substances by rectal injection. In some instances 
dilute solutions of ethyl alcohol were employed. At no little inconvenience 
to his own experimental procedures, Dr. Carpenter kindly gave the author 
the opportunity to make psychological and other measurements on one of 
bam who served in all-night experiments when alcohol solutions were 
used. 


PROGRAM OF RECTAL FEEDING EXPERIMENTS. 


The subject came to the Laboratory about 6 p.m., having taken his last 
previous food, usually a heavy meal, 5 hours before. A series of neuro- 
muscular measurements, continuing about 114 hours, was first made on 
him in the psychological laboratory. The subject then went to Dr. Car- 
penter’s room, took a cleansing enema, and began the all-night experiment. 
For this he lay down in the clinical respiration apparatus,’ which is of the 
closed-circuit type, with a chamber completely inclosing the subject while 
he is in a prone position. Pneumographs were arranged to register any 
body activity during the night, a stethoscope was secured in position over 
the apex beat of the heart for counting the heart-rate, electrodes (to be 
described later) were attached to both wrists and the left ankle for the 
taking of standard electrocardiograms during the night, and the catheter 
through which the alcohol or control solution was to be passed was inserted 
in the subject’s rectum. When the man had lain quietly for a considerable 
time after the making of these adjustments, the cover of the chamber was 
lowered into position and the metabolism experiment began. These metab- 
olism measurements were continuous throughout the night. By the use 
of a clock and an electric signal, a sound was periodically produced near 
the subject’s head. If awake, he responded to this by pressing an electric 
button comfortably attached to the hand. Usually by 9 p. m. all was in 
readiness for the metabolism experiment and the chamber closed. The 
subject invariably went to sleep soon after that time. The rectal injection 
began about 214 hours later. The actual time in each case for the six all- 
night experiments is indicated in table 34, which gives the chronological 
arrangement and protocols for the rectal feeding experiments that were 
associated with the psychological measurements. Dr. Carpenter gave the 
injection of the alcohol solution or salt solution very slowly by the drop 
method, using a gravity fall of about 1 meter. The injection required 
approximately 2 hours and did not waken the subject. Following the com- 
pleted injection, there was a period of 4 hours during which the metabolism 
was studied while the subject was sleeping. About 5'30™ to 6 a. m., the 
cover to the respiration apparatus was lifted, the subject was awakened, 
and a half-face mask put in place. Then the metabolism measurements 


@ Benedict and Tompkins, Boston Med. and Surg. Journ., 1916, 174, pp. 857, 898, 939. 
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were continued by the Carpenter gasometer method, but with the subject 
awake. As indicated in table 34, five all-night series of standard electro- 
cardiograms were taken. These covered the conditions with the subject 
asleep before injection, during injection, in the 4-hour period following 
injection, and also in the morning period with the subject awake. 

When the period of gasometer measurements was completed, the subject 
left the apparatus, urinated (the sample was retained and analyzed for 
alcohol content), and came down stairs for the morning psychological tests, 
which were taken under post-absorptive conditions. Before these measure- 
ments began, he washed his face and hands, reported his general condition, 
and adjusted himself mentally and physically for the work to be done. 


SUBJECT AND DOSAGE. 


Our subject in these experiments, Jus, was a student at the Harvard 
Medical School. He was about 25 years of age and of spare build, with 
a height of 169.2 cm. and a nude body-weight of 57.6 kg. Ius was in good 
health and used to taking small amounts of alcohol in the form of beer. 
He was a very intelligent and cooperative subject. He had served pre- 
viously in some psychological observations, so that after the first hour of 
intensive instruction and practice, he understood very well what was ex- 
pected of him and was able to assist considerably in the adjustment of the 
apparatus. Jus took an unusual interest in the technique of the measure- 
ments and apparently tried uniformly to do his part well. 

As seen in table 34, the first experiment was a control test, the second 
and third alcohol, the fourth control, the fifth alcohol, and the sixth control. 
On each occasion, with the exception of the fourth experiment, when an 
accident happened to the rectal feeding apparatus, 500 c.c. of liquid were 
gradually injected. The water was given at room temperature and in the 
control experiments contained 0.6 per cent salt. In the three alcohol experi- 
ments the liquid was a solution of ethyl alcohol and water containing 7.5 
per cent by weight of alcohol. In each alcohol experiment, therefore, the 
man received 37.5 grams, or 47 c.c., of absolute alcohol, which, in this case, 
is equivalent to 0.8 c.c. per kilogram of body-weight. 

The writer did not know until the six experiments were completed which 
were control and which were alcohol. Dr. Carpenter had entire charge of 
the protocols in reference to the solutions given, and these were not seen 
until the data had been completed. This was probably a needless pre- 
caution, but the intention was to be especially unprejudiced in reference to 
the results, as it was anticipated that the effect on the morning’s perform- 
ance would be very slight, if, indeed, observable. The subject, on his own 
part, was unable to tell with any assurance whether he had received alcohol, 
dextrose, levulose, or salt solution during the night. All of these substances 
were being used. To the subject’s knowledge it was not a strictly alcohol 
experiment, but one with rectal feeding. 


PROGRAM OF MEASUREMENTS BEFORE AND AFTER RECTAL 
FEEDING OF ALCOHOL. 


In the experimental session in the psychological laboratory which pre- 
ceded and followed the metabolism experiments, seven measurements were 
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used. These included pulse tracings during rest, short exertion, and recu- 
peration; one reflex (the protective lid wink from sound stimulus); two 
sensory thresholds (visual acuity and sensitivity to electric shock); two 
motor coordinations (speed of finger movement and speed of horizontal eye 
movement); and one choice reaction test (eye reactions to peripheral 
stimuli). The techniques for the various measurements have been described 
in Chapter I. . 
The tests were always given in the following order and required 
approximately the time indicated: 
Minutes. 
1. Electrical threshold: Direct current stimulation of the finger-tips with a large exter- 
nal resistance in SOTIES-.0 6 cies ccs steve cite) hemlet ois iaers Dre e eee eees pete seees 8 
2. Tetanus heart-rate: Electrocardiograms from body-leads during rest, quick intense 
exertion, and: recuperation’. .ch. ate se cle « ins ere oles (evel olor oneya’ ola) s aiielcal slo sheeple seers 
. Finger movements: Maximum number possible in 8 seconds............ Stee sees 
. Visual acuity: Repeatedly tested in several axes with the Ives-Cobb acuity object. 
. Eye movements: The velocity of horizontal movements covering 40° on the are of 
Vision photographically: recorded: .< ~~ see os siele'seinsstalisto oes a eats aie teal etlolicte 


. Eye reactions: Quickness of turning the eye in the direction of a visual stimulus. aes 
. Protective lid reflex: Latency and amplitude of wink produced by a sound stimulus*® 


On the first evening when the subject came to the Laboratory, all the 
measurements were carefully explained to him, preliminary trials were 
made, and he was instructed in performing these tests. Following this pre- 
liminary training there was a half-hour rest, and then the routine was 
carried through twice, that is, two complete series of measurements were 
made. On the following morning and on each succeeding evening and 
morning, two periods were completed. Each required about 40 minutes; 
therefore the time of testing, both prior to the metabolism experiment and 
after it in the morning, was very closely 1144 hours. The protocols do not 
reveal any special circumstances worthy of mention in connection with any 
evening or morning results. 


COMPARISON OF RESULTS BEFORE AND AFTER ALCOHOL. 


The results in this series of experiments need no very extended presenta- 
tion. It was not planned to examine the subject’s condition at several 
intervals following the alcohol, but only, if possible, to discover if there 
were any objectively demonstrable effects to be found in the morning at a 
time 6 to 7 hours after the completion of the rectal injection of the alcohol. 
The three control days are grouped, and all of the data collected for one 
measurement in the evening sessions are averaged. In like manner, all of 
the data for any single measurement collected in the morning sessions fol- 
lowing the salt solution or control injection are averaged. The data before 
and after the alcohol injection are treated similarly. Thus, for final com- 
parison on each test, we have four average values, one each for evening and 
for morning when no alcohol was given, and one each for evening and for 
morning when alcohol was injected during the night. For stating the alcohol 
effect in per cent, the procedure is simple and as follows: With both the 
control data and the alcohol data, the average of the evening values is 
subtracted from the average of the morning values. The difference thus 
obtained from the control experiments is then subtracted from the differ- 


1D OT = OO 
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@ In the first practice period with the lid reflex, the stimulus noise was given about 25 times in succession in 
order that the subject might become used to it and overcome any tendency to jump or'start at the sound. . 
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ence found for the alcohol experiments. The result represents the effect of 
the alcohol. The percentage effect is computed by using the average of 
the values for the control and alcohol evening experiments as the base. 
Due regard should be given to the algebraic sign and to its meaning for 
the measurement under discussion. 

A summary of the data and the effect of alcohol on the various tests is 
given in table 35. As a concrete illustration of the method of calculating 
the alcohol effect, the first measurement given in the table may be con- 
sidered. This is the duration of the heart-cycle with the subject sitting 
quietly in the steamer chair resting prior to exertion. The average cycle 
length for the evening sessions of control experiments is 0.73 second and 
that for the morning sessions 0.72 second. The difference between these 


TABLE 35.—Summary for the effect on various measurements of dilute alcohol given by rectal 
injection during sleep. 


Control data. Alcohol data. 
Measurement and unit employed. 


Evening. | Morning. | Evening. | Morning. 


Heart-rate, cycle duration in seconds: 
During rest, sitting 
During exertion 
During recuperation 
Lid reflex: 
Latency ing 
Amplitude iri mings...) ovickici asl cie 2 
Electrical threshold in volts 
Visual acuity in degree seconds 
Finger movements: 
No. in 2 seconds 
No. in 4 seconds 
No. in 6 seconds 
Eye movements ing: 
Adductive 


.0 
.2 
5 
2 
0 
a!) 
6 
ats 
al 
4 


ROH 


a 


two control averages is —0.01 second. Similarly, the average for the eve- 
ning sessions before the alcohol injection is 0.76 second and for the morning 
sessions, 0.66 second, with a difference between them of —0.10 second. 
Thus, in both the control and alcohol experiments, the pulse-cycle was 
shorter, representing a faster heart-rate in the morning than in the evening. 
The control difference subtracted from the alcohol difference gives a relative 
alcohol effect of —0.09 second. The percentage change after alcohol is 
then computed by using the average of the two evening values (0.75 second) 
as a base, giving a percentage effect of —12.0. 

The duration of the heart-cycle when the subject was exerting himself 
is, on the average, the same for the evening and morning of control days, 
likewise for the evening of alcohol days (0.61 second) but is 0.56 second 
following alcohol. The effect of alcohol is, therefore, to shorten the cycle 
by 8.2 per cent. Following exertion, designated as “during recuperation,” 
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there is no difference between the values for evening and morning in the 
control data, but a distinct difference is found on the alcohol days. This 
difference is also in the direction of a faster rate, the change amounting to 
14.5 per cent, as shown by a shortened duration of the heart-cycle. All 
three phases of these pulse data are therefore concordant as to the effect 
of alcohol and indicate pronounced increase in heart-rate. The percentage 
effect is smallest during exertion. This is in agreement with previous results 
when the same measurement was used in alcohol experiments with another 
subject.* 

The averages for the latency of the lid reflex do not vary greatly among 
themselves. With the control data the latency is slightly greater in the 
evening than in the morning, but the conditions are reversed with the alcohol 
data. The effect is definite and amounts to an increase or slowing in latent 
time of 2.2 per cent. The lid-reflex amplitudes show considerable variation 
which result in this case in a zero effect. This is unusual, as previous studies 
at the Nutrition Laboratory have commonly revealed a stronger effect on 
the amplitude of reflexes than on the latency. 

The two sensory thresholds (electrical threshold and visual acuity) are 
given consecutively in the table, but were well separated from each other 
in the experimental routine. These threshold measurements required more 
concentration of attention from the subject than the other tests employed. 
By placing one at the beginning of the series and the other midway in the 
program, the subject obtained a rest between the two. In the sensitivity 
of the finger-tips to single electric shocks (results measured in terms of 
voltage required to stimulate), the threshold is higher in the morning than 
in the evening for both control and alcohol days, but the alcohol averages 
are at a lower level than those for control and show a greater discrepancy 
between evening and morning, and the alcohol effect is in the direction of 
a higher threshold (less sensitivity) by 1.9 per cent. 

The visual-acuity values resemble those for electrical threshold in that 
the averages for both evening and morning in the alcohol data are lower 
than in the control data. On the control days the evening and morning 
values are alike (102.5 degree-seconds). On the alcohol days the average 
evening threshold was 97.2 degree-seconds and the morning threshold, 101.8 
degree-seconds. The effect of the rectal injection of alcohol is a higher 
threshold of 4.6 per cent, indicating a decrease in visual acuity at this time. 
The alcohol effect on sensory thresholds is perhaps not usually in this direc- 
tion (see p. 167) and the change is also fairly large. The result has, of 
course, been computed by averaging all of the control data and contrasting 
this with the averages for all of the alcohol data. If we group the experi- 
ments chronologically by comparing the first control day with the first 
alcohol day, and compute the effect from these two days, and then do 
likewise for the second and third pairs of control and alcohol days, we have 
three 2-experiment series for comparison. These, in order as named, give 
alcohol effects on the visual acuity as +5.1, +5.0, and +4.0 per cent, with 
an average computed in this way of +4.7 per cent. The decrease, therefore, 


in visual acuity for this subject under the conditions of these experiments 
can not be doubted. 


* Miles, Carnegie Inst. Wash. Pub. No. 266, 1918, p. 110. 
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The results for the speed of the finger movements are given in table 35 
in terms of number of oscillations performed in 2 seconds, 4 seconds, and 
6 seconds, separately. The finger movements were more rapid in the morn- 
ing than in the evening, but this rapidity was more pronounced in the con- 
trol data than in the alcohol performance. The effect of the alcohol is thus 
minus, or a less number of finger movements, by 1.7, 2.1, and 2.4 per cent 
for 2 seconds, 4 seconds, and 6 seconds, respectively. The alcohol effect for 
4 seconds and 6 seconds is naturally modified by the result for 2 seconds, 
since the larger period of time always includes the shorter or earlier interval. 
If the number of oscillations made in 2 seconds is deducted from that made 
in 4 seconds, it will be found that in the second 2-second interval the alcohol 
effect was —2.4 per cent and similarly, if the number of finger movements 
performed in 4 seconds is deducted from the number performed in 6 seconds, 
the alcohol effect actually occurring in the third 2-second interval is —3.1 
per cent. In this case, the alcohol effect is increasing with the prolongation 
of the test. 

On the control days, both eye movements, like the finger movements, are 
quicker in the morning, but on the alcohol days, this is true only for the 
abductive movement. With both measurements, however, the difference 
between the evening and morning values is less on the alcohol days than 
on the control days; the eye movements are therefore found to be slower 
following the alcohol. Characteristically the effect is stronger on the adduc- 
tive movement than on the abductive, the percentages being +6.1, and 
+2.9, respectively. The eye movement is a process of which the speed can 
be little, if at all, modified by effort of the subject; therefore the effect of 
alcohol upon this important coordination is all the more fundamental. 

The averages for the eye reaction are at slightly different levels in the 
control and alcohol data. The reaction time appears quicker on the morn- 
ing of control days than in the evening (2080 as compared with 2130) but 
in the alcohol data the average speed of reaction is the same for both morn- 
ing and evening (205c). The effect of the alcohol in terms of averages is 
an increase in the length of the reaction time, amounting to 2.4 per cent, 
showing a relatively slower response to the stimulus. 

The algebraic signs for the percentage effects in the last column of table 
35 are not all alike. Obviously, they must each be considered in relation 
to the particular measurement to which they apply. In the typewriting 
data, as well as in other series of experiments reported here, it is common 
for the heart-rate to be quickened after alcohol. We therefore see that a 
shortening of the duration of the heart-cycle, a lengthening of the reflex 
time, less sensitivity in threshold measurements, less speed in finger move- 
ments and in eye movements, and a lengthening of the reaction time of the 
eye are all concordant results and show the ethyl alcohol as given in these 
experiments to have exercised a depressant action which decreased the 
general efficiency of the individual tested. The only exception is that of 
a zero effect in the amplitude of the lid reflex. As an approximate general 
statement of the effect of alcohol, we may take the average of all of these 
results without regard to sign, which is found to be a change of 5.6 per 
cent following the rectal injection of 37.5 grams of dilute alcohol. 
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In the study of the effect of ethyl alcohol on the physiological and par- 
ticularly the psychological processes of the human organism, there is always 
the difficulty of a possible subjective bias or interference when the alcohol 
is given by mouth with the subject awake. This difficulty is overcome by 
the procedure of giving the alcohol in dilute solution by slow rectal injection 
during sleep and allowing the subject to continue sleeping 4 or more hours 
after the injection has been completed. It is possible that some very self- 
observant subject will be able to note the difference between the control and 
alcohol experiments on waking 5 hours after the introduction of the liquid, 
but it is much more probable that the processes of adaptation are such that 
control and alcohol experiments can not be accurately identified by any 
subjective sensations or impressions. It can not be stated, of course, that 
the effect of administering a certain amount of alcohol in a certain dilution 
by rectum is the same in intensity on the various processes measured as 
when the alcohol is given by mouth. Probably the effects are not of the 
same intensity, for, judging from the data at hand, they are rather more 
prolonged and pronounced when the alcohol has been given by rectum. 

In studies with animals, alcohol absorption seems to take place in the 
colon* even more readily than in the stomach. Pringsheim’ concluded that 
for non-habituated subjects alcohol given by way of the stomach is mostly 
burned in the liver. It is probable that when given by rectum more of the 
alcohol escapes the liver and remains to exert an influence on other tissues, 
and when the introduction is made during sleep there is, doubtless, as a 
result of decrease in muscular activity,’ if for no other reason, a general 
decrease in the rate of utilization. These factors may account for the pro- 
longed influence observed in our experiments. Dr. Carpenter’s full report’ 
on the rectal feeding of alcohol and other substances will certainly throw 
light on this problem. He determined the alcohol concentration in the 
morning urines following the rectal injection and found it high even at the 
end of the experiment, but his data can not be considered here. 

In general, it may be said that this series of psychological measurements, 
made somewhat more than 6 hours after the completion of the rectal injec- 
tion of 37.5 grams of ethyl alcohol in a 7.5 per cent by weight solution, 
shows a positive effect of alcohol which is clearly in the direction of a 
depressant action, and that these effects agree as to direction with other 
results obtained by the feeding of alcohol by mouth.‘ Carpenter’s method 
of rectal injection during sleep as an experimental procedure for perfectly 
masking the introduction of alcohol into the human system is strongly to 
be recommended. 


® Hanzlik and Collins, Journ. Pharmacol. and Exp. Therapeutics, 1913-14, 5, Dp. 186. 

> Pringsheim, Biochem. Zeitschr., 1908, 12, p. 143. 

* Gréhant, Compt. rend. Soe. biol., 1903, 55, p. 802. See also, Véltz and Baudrexel, Arch. f. d. 
ges. Physiol., 1911, 142, p. 47. 

4 Carpenter, Am. Journ. Physiol., 1917, 42, p. 605. This is only an abstract; the full report 
has not yet appeared. 

¢ The question whether alcohol taken at night exerts an influence on the working ability the 
next day and if there is an accumulative effect from day to day has been the subject of recent 
investigation. The work of Smith (Bericht tiber den V. internat. Kongress gegen d. Alko- 
holismus. Basel, 1895, S. 341) has been followed by the researches of Tétterman (Finska 
Likaresallskapets Handlingar, 1916, 58, p. 1527), Frank (Psychologische Arbeiten, Krae- 
pelin, 1923, 8, p. 22), and Tigerstedt, C., and Kallioinen (Skand. Arch. f. Physiol., 1923, 
43, p. 87). In all of these investigations alcohol effects are reported to be present the 
morning following the ingestion. 
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STANDARD ELECTROCARDIOGRAMS DURING SLEEP AND 
AFTER RECTAL INJECTION OF ALCOHOL. 


As shown in table 34 and stated in the previous discussion of the rectal 
feeding experiments, standard electrocardiograms were taken at frequent 
intervals (about 1 hour apart) during the night, while the metabolism exper- 
iments were in progress. The electrocardiograms were usually made at 
the end of alternate metabolism periods. The metabolism experiments were 
on the third floor of the Nutrition Laboratory, while the electrocardio- 
graphic outfit was on the first floor. Communication was by telephone, and 
usually the ventilating fan and pump of the clinical respiration apparatus 
were stopped for the short period during which the electrocardiograms 
were taken. 

The electrodes were non-polarizable and of the wick type. A large 
amount of gauze was loosely wound around the two wrists and left ankle. 
Each gauze bandage was moistened in salt solution and covered by a loose 
rubber sleeve to keep the moisture from soaking into the bedding. A heavy 
wick of moistened gauze, about 214 feet long and inclosed in thin rubber 
tubing, connected each bandage to a vessel of salt solution. In these three 
vessels, which were of ample size, were porous clay cups containing zinc 
sulphate and amalgamated zinc electrodes, connecting with the string gal- 
vanometer. The jars of solution for the non-polarizable electrodes were 
located under and at the sides of the bed-springs in the respiration chamber, 
where they would not be disturbed by the subject’s movements. The length 
of tubing between the wrists and the vessels of salt solution was sufficient to 
allow the subject comfortable change of position. The connections to the 
string galvanometer had to pass out through the water-seal and thus under 
the lid of the respiration chamber. There were some difficulties to be over- 
come, mostly due to induction current from electric motors used with the 
respiration apparatus, but these could be obviated by stopping the motors 
for the brief interval in which the actual tracings were made. Usually the 
skin resistance was not high and the subject was comfortable throughout 
the night. 

The electrocardiographic outfit used was the American model designed 
by Professor Horatio B. Williams. The magnification was 600 times; the 
standardization with the subject in series was such that 1 millivolt produced 
1 centimeter of deflection at the camera. The tracings were taken directly 
on bromide paper with time ordinates of 0.04 second. The electrocardio- 
grams for this subject appear to be normal in every way and there is no 
need to reproduce any of them. Records were made from all three leads, 
but, as is usual in considering the general time relations of the electro- 
cardiogram, only the tracings for lead II have been used as a basis of 
discussion.* Lead II of course gives the largest deflections, and is thus the 
most easy of measurement, but for our purpose it has also the very impor- 
tant advantage that it is modified least by slight changes in the subject’s 
recumbent position. 

Five complete heart-cycles were measured on each electrocardiographic 
tracing of lead II, and the average for these five cycles was taken as the 


* Lewis, The mechanism of the heart-beat, London, 1911, p. 21; Bazett, Heart, 1918-1920, 7, p. 353, 
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result for that particular hour and night. The measurements made were: 
(1) The duration of the heart-cycle, i.e., from P to P. This includes the 
conduction time, the ventricular systole, and the diastole. (2) The con- 
duction time, P to R or P to Q if the latter negative deflection appears. 
(3) The ventricular systole from the beginning of R to the end of T. 
(4) The height of R above the base between R and 7. (5) The height of 
T above the base between R and 7. The measurements were made under 
magnification. In the case of the three time measurements, the various 
points on the tracings were carefully pricked with a fine needle before the 
measurement scale was applied. 

The string galvanometer could not be used on the night of March 2-3, 
which was an alcohol experiment. Thus our results are for three control 
experiments and but two alcohol experiments. Far a simplified comparison 
as to the effect of the alcohol on the electrocardiogram, the records had to 
be grouped in reference to the different phases of the all-night experiments. 
From 8 to 14 sets of electrocardiograms were made each night. On four 
of the nights the number was 10 or more. Usually two or three sets were 
made during the period after the subject had entered the chamber and after 
the beginning of the metabolism experiment but before the rectal feeding. 
This period was about 2 hours in length and the subject was sleeping. The 
period of rectal injection covered nearly 2 hours and two or more sets of 
electrocardiograms were made during this interval. Four or five sets were 
made in the 4 hours following the completed rectal injection and preceding 
the waking period, and one and sometimes two sets were made during the 
waking period, which approximately represents the fifth hour. after rectal 
injection. 

The data for each of these periods have been averaged separately for 
the three control days and the two alcohol days. The parallel values under 
these various phases of the all-night experiments are given in table 36. The 
duration of the time intervals of the electrocardiograms is given in 0.001 
second. It happens that the duration of the heart-cycle was somewhat 
longer before the injection in the alcohol experiments than in the control 
experiments. The two average values are 0.934 and 0.884 second. So far 
as is known, both values are equally normal, as the alcohol had not been 
introduced and was not a factor which influenced any of the values given 
in the column headed “before injection.” The duration of the heart-cycle 
during the period of injection is closely the same for both control and 
alcohol experiments, but shorter than in the period before injection and 
particularly so in case of the alcohol experiments. In the 4-hour period 
following injection, and in the fifth hour when the subject was awake, the 
alcohol values are considerably shorter than the control values when com- 
pared directly, without reference to the point at which they started in the 
early part of the night. 

The value for the period before injection may be subtracted from the 
other values during and following injection with both the control and the 
alcohol data. From these differences the percentage effect of the alcohol 
may be computed. (See p. 114.) It is found by this method of computation 
that the length of the heart-cycle was invariably shortened after the alcohol. 
In terms of per cent, the effect of the alcohol is —5.6 per cent for the period 
during injection, —17.0 per cent for the 4-hour period after injection, while 


DILUTE ALCOHOL GIVEN BY RECTAL INJECTION. 121 


the subject was still sleeping, and —13.4 per cent for the fifth hour after 
injection, when the subject was awake and the metabolism was being 
measured by the gasometer method. The shorter length of the heart-cycle 
thus found from the standard electrocardiograms taken during the metabo- 
lism measurements is in agreement with the results obtained for the electro- 
cardiograms taken in connection with the psychological work (see table 35); 
but of course the two groups of results do not cover the same period. 


TaBLE 36.—Effect on the electrocardiogram of ethyl alcohol given by rectal injection during 


sleep. 
Subject sleeping. 
Measurement and type of data. B 4-hour Fifth 
efore Deri ‘oa h 
injec- | , During perior our 
Ban injection. following : after 
injection. | injection. 
Electrocardiograms, lead II: 
Heart-cycle duration in 0.001 sec.: 
Gaatrolons sae eer iow aoe esse 0.884 0.862 0.901 
ALCON OL ET ee pereeege Bae aa SSE ot a) vastin bi 0.934 0.861 0.796 
Alcohol effect in per cent..........|......-. — 5.6 —17.0 
P—R time in 0.001 sec.: 
Gontno bem crea sateen Soe ak 0.159 0.159 0.161 0.157 
PAGO O re neat as 2 oe a2cions mrsvatieicus 0.161 0.170 0.161 0.146 
Alcohol effect in per cent.....7...:|.......- + 5.6 — 1.3 — 8.1 
R-—T time in 0.001 sec.: 
(Grohe nto) Ulises Peis Bene eae meee 0.378 0.370 0.372 0.358 
PAL CONOM semis acts are i cine ageie S dimistorace na 0.389 0.372 0.357 0.346 
Alcohol effect in per cent..........]........ — 2.3 — 6.3 — 6.0 
Diastolic time in 0.001 sec.: 
ON ETON ae AI is eee ok a an es 0.347 0.333 0.368 0.300 
PAN COM OUST ete ets ath crave nie ile eerste eel 0.384 0.319 0.278 0.251 
Alcohol effect in per cent..........|........ —13.9 —34.7 —23.5 
Height of R wave in mm.: 
OTL OM eye tar ays sic scien eal Gtoloie eos = = 1251 11.4 ible 12:2 
PRICOUOUM PERT OR ye ete Sai o esa srvetureve 14.8 14.4 12.9 14.0 
Alcohol effect:in per cent. .2...52..\oc0eeeee + 2.2 -11.1 — 6.7 
Height of T wave in mm.: 
POMEL O Lee erane sie erste rerehalcustaY eer cuianarte 1, ee re 5.3 5.0 6.1 5.2 
| AT CONG srr ne ia «aco rute aewarties ails 6.3 5.8 4.4 Dak 
Alcohol effect in per cent..........|.......- — 3.4 —29.3 — 8.6 
Pulse-rate per minute: 
(OPO ST 0 serps, ACRE CCR RO iy ROMER RRR 68.3 69.6 70.1 77.0 
EAT Golo) aperte teeere cetera: sak eue, ustovetar Stal arencinke 63.9 69.9 74.5 82.4 
‘Alcohol eftect in Per CONE ays «ashe. 0.0 «Joys Goeess 90," + 7.1 +13.3 +14.8 
xygen consumption per minute in c, ¢.: 
onal) oe Bee: us His ot ants PaO ROO 202 205 206 232 
FAT COOL sma tepette che eiaternattiers cratecmieronratente. aces 198 206 222 237 
Alcohol effect im per CCD... a 0c 2s) 0% 0 vor + 2.5 +10.0 + 4.5 


More to the point is the comparison with the pulse-rate per minute from 
counts with the stethoscope which was resting over the subject’s heart all 
night. Dr. Carpenter has kindly permitted the use of these data obtained 
in his experiments, and they are given at the bottom of table 36. The first 
average preliminary pulse-rate for the control data is 68.3 beats per minute. 
This would correspond to a pulse-cycle duration of about 0.88 second. The 
first value in the alcohol data is 63.9 beats per minute, which would corre- 
spond to a heart-cycle length of about 0.94 second. The agreement between 
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the data taken as pulse-rate per minute and as standard electrocardio- 
grams is thus extremely close for the period prior to rectal injection. From 
Dr. Carpenter’s data for the pulse-rate per minute of this subject in the 
two alcohol and three control experiments, the effect of the alcohol is found 
to be +7.1 per cent in the period during injection, +13.3 per cent in the 
4-hour period following injection with the subject asleep, and +148 per 
cent in the fifth hour after injection in the morning with the subject awake. 
A plus alcohol effect in results given as pulse-rate per minute is equivalent 
to a minus alcohol effect in results given as heart-cycle duration. The two 
groups of values for the percentage effect of alcohol are not absolutely the 
same, but substantially of the same magnitude, and demonstrate a very 
definite increase in pulse-rate associated with the rectal injection of 37.5 
grams of alcohol in a dilute solution. 

In many publications from the Nutrition Laboratory, Dr. Benedict has 
shown that there is a close parallelism between fluctuations in pulse-rate 
and fluctuations in metabolism, the higher metabolism nearly always being 
associated with increased pulse-rate.* At the bottom of table 36, further 
data are contributed from Dr. Carpenter’s results for the oxygen consump- 
tion, which are grouped in the same way as those for the pulse-rate. From 
these figures it is seen in the first place that the oxygen consumption per 
minute in the period before injection is less in the alcohol than in the 
control experiments, as was also found for the pulse-rate per minute. This 
is in agreement with the pulse-metabolism relationship usually observed. 
Similar agreements are obvious in the other periods of the experiment, that 
is, during and following the injection. As the pulse-rate was increased after 
alcohol, so it is found that the oxygen consumption is also increased. The 
values are, however, not so large with the latter, being +2.5 per cent, +10.0 
per cent, and +4.5 per cent for the period during injection, 4 hours following 
injection, and the fifth hour after injection. This last value (4.5 per cent) 
is somewhat out of line by being so small when the pulse change was 14.8 
per cent.” 

The conduction time, which is the interval from the beginning of the P 
deflection to the beginning of Q, if it exists, otherwise to the beginning of R, 
is for this subject approximately 0.16 second. It was longer in the pre- 
liminary period of the alcohol experiment than in the preliminary period 
of the control experiment, as was likewise found for the duration of the 
heart-cycle and for the pulse-rate per minute. The conduction time is 
undoubtedly longer during the rectal feeding period on both alcohol nights. 
On March 23 to 24, when 14 sets of electrocardiograms were taken during 
the night, it happened that four of these sets were recorded during the actual 
rectal feeding. The PR period averages for these four sets are, respectively, 
0.162, 0.167, 0.167, and 0.165 second, with an average of 0.165 second. On 
February 15-16, 11 sets of electrocardiograms were taken during the night 
and 2 of them came during the rectal feeding period. The PR interval in 
these two cases is 0.175 and 0.172 second. Soon after the feeding period 
was completed on this night, the PR interval changes to 0.168, then 0.161, 


@ Sheen Carnegie Inst. Wash. Pub. No. 77, 1907, p. 488, and later publications of this Insti- 
ution. 
> Carpenter, Am. Journ. Physiol., 1917, 42, p. 605, reports that in a few of his experiments the 


oxygen consumption was raised about 10 per cent, and the pulse-rate increased 3 to 5 beats 
per minute. 
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and 0.149 second. The PR interval therefore during rectal injection shows 
an alcohol effect in the direction of a lengthening, amounting to +5.6 per 
cent. In the 4-hour period following injection it is shortened, the alcohol 
effect being —1.3 per cent. When the subject is awake in the fifth hour after 
alcohol the conduction time is more conspicuously shortened, with an 
alcohol effect of —8.1 per cent. 

The duration of ventricular systole, as measured from the beginning of 
Q, if it exists, otherwise from the beginning of R to the end of T, is in this 
case about 0.37 second when the subject is asleep and somewhat shorter 
when awake. The average RT time is longer in the preliminary period of 
the alcohol days than in that for the control days. As was found with the 
duration of the complete heart-cycle, the alcohol effect is fairly large. The 
RT time is shortened after alcohol in the period during injection by 2.3 per 
cent. Following injection but during sleep, the shortening was 6.3 per cent 
and in the waking period in the morning, 6.0 per cent. In no case is the 
decrease in the RT interval so large after alcohol as that obtained for the 
duration of the heart-cycle. The effect upon the duration of the whole 
heart-cycle is a composite of the effect on the various factors which 
constitute the total cycle. 

The alcohol effect on the diastolic time is also given separately in table 
36. These data have the same general characteristics as those for the 
duration of the heart-cycle, except that there is a greater difference between 
alcohol and control values during the period of injection. The alcohol effect 
on the diastole is larger than with any other factor in the table. During 
injection the diastole is reduced in time by 13.9 per cent; in the 4-hour 
period following injection it is shortened by 34.7 per cent, and in the fifth 
hour after injection, with the subject awake, the effect is —23.5 per cent. 
The shortening of the diastole by the alcohol is therefore approximately 
four times as great as the shortening of the ventricular systole. These 
results confirm the rather tentative conclusions reached by Hunt* and 
Dodge and Benedict’ that the ethyl alcohol produces its effect of an in- 
creased pulse-rate primarily through its depressant action on the cardio- 
inhibitory center. It seems justifiable in other discussions of increased 
pulse-rate after alcohol reported in this volume to speak of this alcohol 
effect as a depressant action, since shortening of the diastole without much 
change in systole is the characteristic symptom of loss of vagus tone. 

Both the R and the 7 waves of the electrical complex lend themselves 
readily to the measurements of height, and data in terms of millimeters are 
included in our table of results for the effect of alcohol on the electro- 
cardiograms. The FR deflection usually extended about 12 mm. above the 
base-line between R and 7. It was positively larger in the preliminary 
period for the alcohol data, just as we have seen that the pulse-rate was 
slower in this period than in the comparison period for the control data. 
The alcohol effect is a slight increase in the height of R during injection 
amounting to 2.2 per cent, a decrease of 11.1 per cent in the 4-hour period 
after injection, and a decrease of 6.7 per cent in the fifth hour after injec- 
tion while the subject was awake. The height of the 7 deflection above 
the base-line between R and T is about 5 mm. This is also larger in the 


* Hunt, Am. Journ. Physiol., 1899, 2, p. 395. 
> Dodge and Benedict, Carnegie Inst. Wash. Pub. No. 232, 1915, p. 235. 
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preliminary period before the alcohol injection than before the control 
solution. The alcohol effect appears to be fairly prominent and concordant 
in all periods, being in order —3.4, —29.3, and —8.6 per cent. 

The only other direct study of the effects of alcohol on the normal electro- 
cardiogram known to the author is that of Galeotti and Di Jario.“ They 
gave about 50 c.c. of ethyl alcohol in the form of cognac to 13 male sub- 
jects, some of whom took considerably larger amounts than this. The 
alcohol was taken on an empty stomach or after a small meal. A normal 
electrocardiogram was secured before the alcohol was taken and then other 
such tracings were made at various intervals following the alcohol. 
Usually two tracings were taken after the alcohol, one about 15 minutes 
and the other 40 to 80 minutes afterwards. Apparently there were no con- 
trol experiments and the results are not sufficiently concordant within them- 
selves to allow one to make a satisfactory comparison, although they had 
several subjects. They made one experiment with each man, so far as the 
published results indicate. Their preliminary pulse-rates were apparently 
high, ranging from 66 to 96 beats, and averaging 77 beats per minute. They 
state that when the preliminary pulse-rate was high the alcohol effect was 
in the direction of a retardation, and that when the preliminary rate was 
low the alcohol produced an increase in pulse frequency. In the 13 experi- 
ments there were 8 cases of a decrease in pulse-rate after the alcohol. The 
authors note that this decrease corresponds with the results of Swientowski.’ 
In 5 cases the heart-rate was accelerated. Of course, no very definite infor- 
mation, particularly with reference to the effect of the alcohol, can be had 
from studies in which there were no control experiments and in which, as a 
rule, each subject is used but once and for a rather brief period. However, 
it seems incumbent to point out any disagreements or agreements found 
between one’s own results and such published data as he is able to discover, 
particularly when the procedure is somewhat elaborate and but few have 
undertaken like studies. Galeotti and Di Jario usually found an increase 
in the height of the deflection, just as they found usually a decrease in the 
heart-rate. 

To summarize, when alcohol was given by rectal injection, the electro- 
cardiogram shows no striking change in character. The length of the heart- 
cycle is definitely shortened. Both the systole and diastole are shortened, 
the effect of the alcohol on the diastole being approximately four times as 
great as the effect on the systole. With the increase in pulse-rate or a 
decrease in the duration of the heart-cycle that follows the rectal injection 
of 37.5 grams of alcohol, there is apparently a decrease in the amplitude 
of the chief electrical deflections which constitute the electrocardiogram. 
This decrease in the period following the completed injection of the alcohol 
may be from 10 to 20 per cent. The procedure of rectal injection of dilute 
alcohol during sleep can be recommended as a method for the study of the 
effects of ethyl alcohol on the metabolism and circulatory phenomena. A 
direct comparison between the results when the alcohol is given by mouth 
and by rectum remains to be made, as at present the effective intensity in 
alcohol dosage from the two methods of introduction is not known. 


* Galeotti and Di Jario, Arch. di Fisiol. 1914, 12, p. 401. 
» Swientowski, Zeitschr. f. klin. Med., 1902, 46, p. 284. 


CHAPTER V. 


EFFECT OF DILUTE ALCOHOLIC BEVERAGES ON A 
TRAINED SUBJECT. 


The question has often been raised whether equivalent amounts of 
alcohol exercise equivalent neuro-muscular effects, regardless of whether 
the alcohol is taken in the form of regular spirits, wine, or light beer. Vast 
quantities of dilute alcoholic beverages have been regularly consumed in 
most of the large civilized countries of the world, and these dilute beverages, 
especially light wines, ale, and beer, have popularly been supposed to be 
non-intoxicating. Certain European governments have in the past allowed 
beverages containing about 2 per cent of alcohol by weight to go tax-free. 
When the question of the toxic or non-toxic action of beverages containing 
less than 3 per cent by weight was recently before the courts of the United 
States, there was available hardly any direct objective evidence. Even such 
evidence as was offered had lately been produced more or less at the 
instance of one or the other of the parties involved in the dispute. 

The question of whether alcohol taken in very dilute form, for example, 
2.75 per cent solution by weight, exerts a measurable effect upon neuro- 
muscular efficiency as determined under laboratory conditions is of two- 
fold importance. In the first place, as a scientific question, the answer will 
contribute to the understanding of the mechanism through which alcohol 
exerts its influence on the nervous system, since it seems probably true that 
the dilution in the beverage is similar to the dilution of the alcohol by the 
contents of the stomach. Secondly, the problem is one of practical interest, 
since the vast majority of the individuals throughout the world who use 
alcohol take it in rather dilute forms. 


ABSORPTION OF ALCOHOL FOLLOWING INGESTION. 


In some preceding experiments reported in this monograph, when a meal 
was ingested not simultaneously with the alcohol, but about 45 minutes 
before the taking of the dose, the effect of the beverage on typewriting and 
other performances of our subjects was markedly less. In both instances, 
i. e., with and without food, the same amount of alcohol was taken. It is 
not simply the presence of alcohol in the stomach which causes it to exert 
its characteristic effect on the nervous system. The alcohol must be 
absorbed through the walls of the alimentary tract and find its way into 
the blood-stream before it can exert a depressant action. As a usual thing, 
the subjective effects begin to be noticed 10 to 20 minutes (sometimes 
earlier) after the alcohol has been ingested. If, in place of giving the 
alcohol by mouth, it is injected directly into the blood-stream, as was done 
by Gabbe,‘ the toxic effects are immediately experienced. 

From a number of researches, mostly on animals but some on human 
subjects, it is known that after a single large dose the alcohol appears 
unchanged in the blood and the amount in the blood-stream gradually 
increases to a maximum near which it remains for one or more hours. 


@ Gabbe, Deutsch. Arch. f. klin. Med., 1917, 122, p. 81. 
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This stage is designated as “the Gréhant plateau.’” Following this plateau, 
the alcohol concentration in the blood slowly decreases, but the substance 
does not completely disappear for several hours. The concentration curve 
for alcohol in the blood after such an experiment depends on the amount 
which has been taken in terms of body-weight, the rate at which the alcohol 
has been metabolized, as well as on factors which influence absorption. 

As a general thing, studies which have related to absorption, the concen- 
tration of alcohol in the blood, in body tissues, etc., have almost wholly 
neglected the question of the effect of alcohol on the central nervous system. 
Probably for the most part this has been because animals were used in the 
experimentation. On the other hand, the studies more typically psycho- 
logical have grossly neglected consideration of the differences in absorption, 
the influence of food, the concentration of alcohol appearing in blood and 
urine, the amount of alcohol excreted, the effect of exercise on the rate at 
which the alcohol disappears from the body, and similar factors. In reports 
of alcohol investigations and in the reviews of such reports the statement is 
commonly made that wide individual differences are found in the effects 
of alcohol on the various subjects that have been employed. These indi- 
vidual differences seem never to have been satisfactorily analyzed. Usually 
the suggestions offered are in reference to tolerance or susceptibility for 
alcohol, and always on the assumption that since each man received 
essentially the same dose, they were all subjected to the same influence. 
It may be that the individual differences are such that they can not be 
easily analyzed. However, if it can be demonstrated that two subjects 
reacting differently to alcohol actually absorb it in substantially the same 
way, with the result that after a given dose the alcohol reaches the same 
maximum concentration in the blood-stream, and so with both subjects 
there are equal opportunities for the alcohol to affect the nerve centers, 
then we are dealing with a more definite individual difference and one that 
is more nearly describable. As long as the factor of absorption is totally 
neglected and unknown, the other data must suffer from considerable 
vagueness in respect to the real intensity of dosage. 

It is not convenient to pump the stomach periodically and thus determine 
the rate of absorption of the alcohol by recovering that which is unabsorbed, 
nor is it conducive to the best performance in psychological tests, at least 
for the usual subjects, to have frequent blood samples taken from an arm 
vein. Fortunately, alcohol, after it is absorbed through the walls of the 
alimentary tract, not only appears in the blood but also in other body 
fluids, including the urine. It has been claimed by Nicloux and Nowicka,* 
Widmark,’ Ambard,’ and others that the alcohol concentration in the urine 
excreted at short intervals agrees very nearly or completely with the per- 
centage of alcohol in a blood sample taken at the same time, and therefore 


® Gréhant, Comp. rend. Soe. biol., 1899, 51, p. 946; Gréhant, Comp. rend. Soe. biol., 1903, 55> 
p. 1264; and Widmark, Acta Medica Scand., 1919, 52, p. 87. 

» Nicloux and Nowicka, Journ. de Physiol. et de Pathol. gén., 1913, 15, p. 297. 

© Widmark, Upsala Likareférenings Férhandlingar, 1914, 19, p. 241; also Skand. Arch. f. Physiol., 
1916, 33, p. 85. 

4 Ambard, Physiologie Normale et Pathologique des Reins. Paris, 2d ed., 1920; see, also, some 
work done under the direction of Professor Ambard by Chabanier and Ibarra-Loring, Comp. 
rend. Soe. biol., Paris, 1916, 79, p. 8. 
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that a knowledge of the alcohol content of the blood-stream, which content 
represents the combination of the factors of absorption and utilization, may 
be obtained from the urine samples. 

Certain other workers, Gréhant* and particularly Schweisheimer,’ have 
put forward the conclusion that the intensity of the alcohol effect is directly 
dependent upon the alcohol concentration in the blood. Schweisheimer 
asserts that this fact, first stated by him, could not be proved by experi- 
ments with animals, but that his work with men, who were abstinents, 
moderate drinkers, and habituals, absolutely proved that the intoxication 
is “exactly parallel in its increase and decrease with the rising and the 
sinking of the alcohol content of the blood.” In the experiments on which 
Schweisheimer bases his conclusion, he gave the subjects about 1.55 c. c., of 
absolute alcohol per kilogram of body-weight. He worked with adults, and 
hence usually more than 100 c. c. of absolute ethyl alcohol was given in 
the form of wine containing 10 per cent. His subjects were kept in bed 
during the experiment for uniformity in muscular exercise. He took blood 
samples, but gave the men no other tests. They were questioned as to their 
feelings of dizziness or nausea, but seemingly the opportunity for directly 
observing and estimating the degree of intoxication must have been quite 
limited, due to the recumbent position and quietness of the subjects. It is 
thus possible that his positive statements are unwarranted. In the more 
recent work of Mellanby’ it was found with dogs that the alcohol effects 
do not seem to be directly parallel to the alcohol concentration in the 
blood, but begin to decrease after the alcohol has reached the maximum in 
the blood and before it has decreased in the same proportion. 

To correlate the change in course and level of the concentration curve 
of alcohol in the body fluids with the intensity of physiological and psycho- 
logical effects appears highly desirable. Hitherto our attention has been 
given principally to the effect following the ingestion of the alcohol. It 
has been noted that there is a time when the influence of the alcohol on 
the neuro-muscular system reaches its maximum, after which point the 
effects begin to disappear. On the causal side, what was happening to the 
alcohol and what changes were taking place in the blood-stream have usually 
been thought, if considered at all, beyond the province of the psychological 
investigation, but obviously the two sides are closely related as cause and 
effect and should, if possible, be studied synchronously. From such a 
combined study we may confidently expect to learn more about the nature 
and perhaps the mechanism of the alcohol effect on the central nervous 
system. Such problems as individual differences, alcohol tolerance, the 
relative effects of different alcoholic beverages, and different concentrations 
of beverages can be hopefully attacked from this point of view with a 
combination of biochemical and psychological techniques. 

Ethyl alcohol as a substance which exercises an influence on the central 
nervous system is peculiarly open to study in this way. It is readily 
absorbed, both from the stomach and from the intestines, as well as from 


@ Gréhant, Comp. rend. Soe. biol., 1903, 55, p. 1264. 
b Schweisheimer, Deutsch. Arch. f. klin. Med., 1913, 109, p. 271. t. 
¢ Mellanby, Med. Research Com., Sp. Rept. Ser. No. 31, 1919; see, also, British Journ. Inebriety, 


1920, 17, p. 157. 
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the colon.* As is well known, the processes of digestion do not affect 
_ alcohol, and it therefore appears unchanged in the blood and tissues of the 

body. With the exception of the small percentage which is given off in 
the breath and through the urine,” all of the alcohol ingested is metabolized. 
This process of utilization begins as soon as absorption commences and, so 
far as research has shown, continues uninterruptedly as long as any alcohol 
is present in the system. If the alcohol contents of the blood and of the 
urine are identical for samples taken in short periods and at the same time, 
as stated by Widmark and others, then from urine samples alone the alcohol 
concentration curve for the blood may be determined. Frequent blood 
samples of 20 c. c. are certain to disturb the psychological measurements 
for a number of subjects, but nothing could be simpler than the routine of 
collecting urine samples every 20 or 30 minutes throughout an experimental 
session. 

In all the experiments reported in this chapter, urine samples were 
regularly taken for the purpose of comparing the intensity and temporal 
incidence of the alcohol effect with the alcohol concentration. Results for 
samples collected in 1919 are fragmentary, due to the fact that the urines 
' were kept too long before analysis, which was made by the Nicloux method. 
The 1920 experiments, and those with 15-minute periods, all provide com- 
parisons of this nature. A few blood samples were also taken with Mow, but 
are not discussed here, as they were simply preliminary to a study of the 
concentration of alcohol in the blood in comparison with its ingestion which 
was later made with a group of young men. (See p. 211.) A general dis- 
cussion of the concentration of alcohol in the blood and urine is given in 
Chapter VII. (See p. 261.) 


GENERAL DETAILS OF STUDY WITH TRAINED SUBJECT. 


The influence of dilution on the effect of alcohol was the particular 
problem studied in the experiments reported in this chapter. All of the 
alcohol results discussed in the earlier pages (except with rectal feeding) 
were obtained when the dosage was given in a strong solution, ranging 
from 14 to 22 per cent by weight. This is, of course, much higher than the 
percentage content of light wines and beers which have been popularly 
used. It has generally been contended that the alcohol effect might disap- 
pear, or at least be very much reduced, if ethyl alcohol were given in a 
very weak solution. In attacking the problem, it was deemed economical 
to experiment first with a subject who had received a large amount of 
practice in the particular measurements which were to be used as indicators, 
so that the extraneous factor of learning and habituation to the routine 
would be as small as possible. It was also thought that special emphasis 
should be given to tests of motor control, since coordination tests in the 
study of Dodge and Benedict and in our later investigations had shown the 
typical alcohol effect regularly. As a result of developments in connection 
with the low-diet investigation’ and a series of unpublished measurements 


? See forthcoming studies by my colleague, Dr. Thorne M. Carpenter. 

» Miles, Journ. Pharm. and Exp. Therapeutics, 1922, 20, p. 305. Usually less than 2 per cent 
of the ingested alcohol was given off in the urine within 2 hours after it was taken. 

* Benedict, Miles, Roth, and Smith, Carnegie Inst. Wash. Pub. No. 280, 1919. 
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made on aviation recruits, a number of psychological techniques had been 
developed at the Nutrition Laboratory, and these were put into condition 
for use in this research on the effect of alcohol given in dilute form. 

The subject, Mow, who served in all of these experiments, is a man about 
36 years of age, of medium build, with a height of 178 cm., and nude body- 
weight of 70 kg.* In reference to alcohol, he is abstinent by habit, but 
had no objection to the experimental routine. It is believed that he is 
without prejudice in reference to the alcohol problem and takes an objective 
attitude in reference to such data. He had undergone a great number of 
preliminary trials of one sort or another and had assisted in the develop- 
ment of much of the apparatus. It was, however, easily possible for him 
to leave the conduct of the tests entirely to the technician giving them 
and to confine himself strictly to the attitude of a subject only. Mow had 
received considerable psychological training as an observer. 

It must be recognized that Mow always knew when alcohol was taken, 
that is, he knew objectively as well as subjectively. It has been contended 
throughout this report that the subjective information that alcohol has been 
taken is almost always a certainty if the alcohol has been given by mouth 
and if the subject has any ability whatsoever in self-observation. Mow 
never knew any of the results of the test on the days when he was serving 
as subject, and had no information as to how well or how poorly he was 
doing on any group of days. The data were in no wise put together to 
contrast control and alcohol performances until a particular group of 
experiments had been completed. 

The alcohol dosage chosen for these experiments with dilute solutions 
was 27.5 grams or 34.4 c. c. of absolute ethyl alcohol. The solution of grain 
alcohol from which our experimental beverages was invariably made up 
had a density of 0.81453, which corresponds to 91.282 per cent by weight. 
To secure 27.5 grams of absolute alcohol it is thus necessary to take 37 c. ¢. 
of the solution. This amount was always, in these experiments, diluted to 
a total volume of 1,000 c. c. The dilution, at times, was made with different 
substances, but the total amount was always 1 liter containing 2.75 per cent 
of alcohol by weight. This weight of alcohol corresponds closely to dose A 
of the typewriting series described in Chapter II and amounts to approxi- 
mately 0.5 c. c. of absolute alcohol per kilogram of body-weight, which is 
also about the same proportion of dosage to body-weight as was used in 
some of the typewriting experiments. 

The chronological arrangement of the 70 experiments on Mow, with the 
pertinent details as to dosage and other matters, is given in table 37. It 
will be seen that the experiments extended over a period from November 
1919 to April 1921. There was, however, a break of nearly a year, from 
December 20, 1919, to December 7, 1920. Of the 70 experiments, 44 were 
with aleohol and 26 without. In every experiment, however, at least 1 
liter of liquid was ingested. As the alcohol dose varied in reference to the 
substance in which it was diluted, so the control dose varied also, the latter 
being a duplicate of the alcohol dose in each case, except that it did not 
contain the 27.5 grams of alcohol. Both control and alcohol doses were 


@ The subject in this case was the writer. There are obvious advantages in such an arrange- 
ment if the tests are all given and the results recorded by a competent assistant. 
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Tasue 37.—Chronological arrangement of experiments with dilute alcohol with subject Mow. 
ee 


No. of 
experi- 
ment. 


Date. 


Alcohol by weight. 
Number | Duration 


ee | 


s 


Total 

Type and series of experiment. volume 
of dose. 

C. C. 

Control, water cn mireise so werent cots 1,000 
SD Ors crerencire, ererauctefe 1s eeeusce toe ies syeaete sate 1,000 
Alcohol, WALD cis ee eee eran ne eee 1,000 
Rts ddl DOERR 9 ons OeaCicucea nia es GOS OOE 1,000 
Control, SW ater ..5 shite reece ce tereieratoe 1,000 
Alcohol,; Waters s+ «site uh iontonieets a 1,000 
Control ewater sacecees ee etna 1,000 
Alcohol; water .o....uie See cee ee 1,000 
Ae BY 0 ee SN Se aoc Sores 1,000 
Control, WateDe scour ore wicroernetsu eae 1,000 
Alcohol, 490 c. c. loganberry juice 1,000 
Control water tects = ace areas 1,000 
DOs eiccstuusiict aye vote sprees Reege ree teetehe ae 1,000 
Alcohol, WALOP SS. Geers eee one 51,000 
Control ;water sso ee tte eres 51,000 
Alcohol, 300 c. c. grape juice®.......| 1,000 
Control, 300 c. c. grape juice........ 1,000 
Alcohol, 830 c. c. beer’............- 1,000 
Control:830 esc. beer. 2). 4ek ae os 1,000 
.Do a feta lat wily infleilahe follets (evesia)ietie t6- 0, atiale, edie iibue 1 , 000 
‘Aléokel, S380resenbeer ca ose eet ee 1,000 
LD Oratichcightie ties cere ee erie 1,000 
Control, 830 cs Cy. beer denen 1,000 
Bre LOSE ey ohte eet her eee OE 1,000 
Alcohol, SSOrCne beers. Ary ae 1,000 
Alcohol, 300 ec. ce. grape juice....... 1,000 
Control, 300 c. c. grape juice....... 1,000 
Alcohol, 300 c. c. grape juice....... 1,000 
SLI Ose te ec eon le eee paee 1,000 
Control, 300 c. c. grape juice....... 1,000 
SLI OST nate ite Selomick hehe aCe 1,000 
DO eecth notes cat apete. ae ee ee 1,000 
Alcohol, 300 c. c. grape juice....... 1,000 
Seah Dane Aisa sap thayh rename ated e aibaie bd bs aA 1,000 
Control, 300 c. c. grape juice....... 1,000 
Alcohol, 500 c. c. cider............- 1,000 
Control, 500 c. c. cider............ 1,000 
Alcohol, 500 c. c. cider®............ 1,000 
Betae Blo Mars entrant nee ety Soy es 1,000 
Control, HOO OC. ClaSr eee ee 1,000 
Alcohol, 500 c. ¢. cider®...3.-...... 1,000 
Control, 500 ¢. c. cider............. 1,000 
Alcohol, 300 c. c. grape juice....... 1,000 
Alcohol, 600 ¢c. c. grape juice....... 102,000 
Alcohol, 300 c. c. grape juice’. ..... 1,000 
Ae Distt no ASA a em Ku oc anes 1,000 
rated © Yo den eras es hes tani b tS hn Secqirt 1,000 
Bh DON ee eee eee 1,000 
Eve DION NE Sines a enti, Wa 3 1,000 
SBE DON LOR OARS SP Ra oa NOY og 1,000 
PoE DOR Oneal ee eR ee oe 1,000 
in DDO 2coakuoharche heehee mle ier eres 1,000 
EE Daa Ra Pens So Gta wo 1,000 
Tm Dod) aveaveitees eee eae ere ee 1,000 


of of ; 
Concen-| periods. | periods. 
Amount. tration. 
gms. p. ct. min. 
ee eens rs 3 30 
oe dicing | ieee 5 30 
27.5 7 Aaa 5 55 30 
Ziae Ake 5 30 
re eee 2 5 30 
27.5 21D 6 30 
Po bale eee 5 30 
27.5 D453 5 30 
27.5 2.75 5 30 
A thes Puree: 5 30 
ey bata) 245 5 30 
ad esos AS eee 5 30 
netsh eestor ere 5 30 
27.5 275 5 30 
2 Mise. el eee 5 30 
27.5 > Aer £59 6 30 
PPE Os sae? 6 30 
27.5 Zine 6 30 
Soe cleeek ae 6 30 
EAE ee a it 6 30 
27.5 Peer bs 6 30 
27.5 MR 6 30 
Pe Se See ne 6 30 
on eer ea eee 6 30 
27.5 yy es 6 30 
27.5 2ar5 6 30 
isis te seat ee 6 30 
27.5 2.75 6 30 
27.5 2475 6 30 
PR is Wee oS 6 30 
sth idee ois] cM roe 6 30 
Pe ee 6 30 
Bs) 2.75 6 30 
27.5 2715 6 30 
Se Rixse Neca Se eaeeers 6 30 
ata 2.75 6 30 
cnacaeuree te aoa 6 30 
34.0 3.40 6 30 
27.5 2.75 6 30 
Pe eres nal RSS 47) 6 30 
28.8 2.88 6 30 
Jy een SakicRe ne eee 6 30 
27.5 PY 633 916 915 
55.0 215 16 15 
27.5 2.45 16 15 
27.5 2.75 16 15 
27.5 2.75 16 15 
2726 2.75 16 15 
27.5 EY AS 16 15 
27.5 ve Aa5 16 15 
27.5 2.75 16 15 
ai 5) 2.75 16 15 
27.5 i Ea 16 15 
27.5 2.75 16 15 
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TABLE 37.—Chronological arrangement of experiments with dilute alcohol with subject Mow—Continued. 


No. of Alcohol by weight. 
| 0 motels | | Number) Duration 
 experi- Date. Type and series of experiment. volume of of 
ment. of dose. one Concen- | periods. periods.! 
tration. 

1921 c.c ms. ct min 

55 Feb. 9 | Control, 300 c. c. grape juice....... 1,000 |. B ears Oller f Ste 16 15 
56 Feb. 10 JOO. ota Cmte ieee ae eee ae OOO S| Sameer Nene livermocs ies 16 15 
57 Ile, BES TC ee DYoly. teen al a= i en ae OOO ila arceccee telat cee: 16 15 
58 Feb. 15 | Alcohol, 300 c. c. grape juice....... 1,000 Zino Paha) 16 15 
59 Hee Creme an ese DIOR so omer ome cara ee eh 161 000 20.0 BRATS 16 15 
60 Feb. 23 | Alcohol, 570 c. c. grape juice....... 177,900 O22 Zeno) 16 15 
61 Feb. 24 | Alcohol, 300 c. c. grape juice....... 167 ,000 27.5 on AS 16 15 
62 Feb. 28 | Alcohol, 570 c. c. grape juice....... 17] ,900 52,2 oe 7s} 16 15 
63 Mar. 9 | Alcohol, 450 c. c. grape juice....... 18] 500 41.0 2) 6/655 16 15 
64 Mar. 14 | Alcohol, 300 c. c. grape juice....... 1,000 rp tes heels) 1916 15 
65 1 vs, HAEGHP hao Be ae ay Ea a 1,000 27.5 OPS TAs 16 15 
66 Mar. 22 | Control, 300 c. c. grape juice....... OOO! tir ncte ss Sacer: 1916 15 
67 Mars OAaie DONS es hs Peer ols ee Roe ES OOOE ees aeetetae c||(satewntoet 19116 15 
68 Apr. 15 | Alcohol, 300 c. c. grape juice....... 1,000 27.5 2.75 1916 2015, 
69 LNT FIL | Bierce DOr Aor ae ee ee 1,000 27.5 2.75 @) A's 
70 ADT AZO eALCOHO),) Water” os cnehes os ale oes es 1,000 27.5 Baio @) 2015 


The 30-minute experimental periods included the following measurements: finger movements, code, pursuitmeter, pursuit 
pendulum, eye movements, eye reactions, station, and visual acuity or electrical threshold. In the 15-minute periods 
three measurements—pursuit pendulum, eye reactions, and electrical threshold—were omitted. A urine sample was 
usually taken at the end of each 30-minute and 15-minute period following the dose. 

‘A preliminary practice day. 

|The subject complained of being chilled during this experiment, so it was discarded before the results were seen. 

'The regular experiment was followed by metabolism measurements. 

Vag teas dpe was taken in two portions: 500 c. c. at 1515" p.m., end of period 2, and 500 c. c. at 2 p.m., the beginning 
of period 4. 

‘A common commercial brand of unsweetened grape juice. Analysis showed 0.1 per cent or less of alcohol. The 300 c. c. 
of grape juice had a food value of about 200 calories. The same brand of grape juice was used throughout the experiments. 

'A commercial non-alcoholic beer or beer substitute was used throughout which was found to contain 0.4 per cent alcohol by 
weight. The three bottles regularly used in making up a 1-liter dose were credited with 3 grams of alcohol, and 24.5 grams 
of alcohol were added with water to make the total volume 1,000 c. c. 

The alcohol content of the cider used on this day increased more rapidly than was predicted, which accounts for the larger 
alcohol dose in this experiment. Ordinary fresh sweet cider was used. 

Two periods were preliminary in this and subsequent experiments, hence 14 periods followed the dose. These allow us to 
observe the alcohol effect for 344 hours following complete ingestion. 

1A double dose was taken in this experiment and ingested within 20 minutes. 

‘In addition to the regular dose, 0.5 liter of water was taken 1 hour following the alcohol and grape juice. 

One hour following the dose 0.5 liter of whole milk was taken. 

'One hour before the dose 0.5 liter of water was taken. 

'One hour before the dose 0.5 liter of whole milk was taken. 

Experiment performed between 8 and 12 o’clock in the morning and with subject in post-absorptive condition. All other 
experiments noted in this table were performed in the afternoon between 12 and 5 o’clock, and about 200 calories of 
carbohydrate had been taken 2 hours before the dose. 

The 1-liter dose was taken in three equal portions separated by half-hour intervals, i. e., at beginning of periods 3, 5, and 7. 

One liter of 2.75 per cent alcohol was taken as usual at the end of period 2, then beginning with period 8, a 100 c. c. portion 
was taken at the beginning of each period. The additional 900 c. c. were thus taken in 9 portions and over a time of 2% 
hours. 

After the usual dose, beginning with period 7, a 50 c. c. portion was taken at the beginning of each period. 

‘In place of the usual measurements, the subject worked on a bicycle ergometer during periods 3, 5, 7, 9, 11, 13, and 15. 

‘Blood samples as well as urine samples were taken. 

No measurements except blood and urine samples; subject quiet as possible otherwise. 


taken at a temperature of 18° to 19° C. Except in those instances when 
we divided the liter to study the effect of extending the period of ingestion, 
the dose was regularly taken within 10 minutes or less. This was no hard- 
ship, for the subject did not take so much liquid with meals or between 
meals during those days when the experiments were made. No difficulty 
was experienced in consuming this liter of liquid. 
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From the data in the extreme right-hand column of table 37 regarding 
duration of period, it will be noted that the first 42 experiments were so 
arranged that each experimental period was 30 minutes in length. These 
30-minute experiments will first be discussed. Six of the 42 experiments 
are not reported: Nos. 1 and 31 were preliminary practice days, No. 7 was 
discarded at the time of taking the tests as the subject complained much 
of chilling, No. 11 was irregular in that loganberry juice was used; in No. 
14 the alcohol dose was taken in two portions, separated by 1 hour, and the 
control dose was similarly divided in No. 15. 


INFLUENCE OF DILUTE ALCOHOL MEASURED IN 30-MINUTE 
PERIODS. 


DosaGE AND GENERAL PROGRAM OF EXPERIMENTS. 


The experiments with 30-minute periods divide themselves into five 
groups or series, which are tabulated chronologically. The first series was 
characterized by the fact that the alcohol was diluted with water only. 
It comprises 5 control and 5 alcohol days, covering the period from Novem- 
ber 5 to 22,1919. The second, or beer-alcohol series, is characterized by the 
fact that the alcohol was diluted with a commercial “non-alcoholic beer” 
or beer substitute, which was used throughout these 8 experiments. Accord- 
ing to our determinations, the beer contained 0.4 per cent alcohol by weight. 
The three bottles regularly used in making up a 1-liter dose were credited 
with 3 grams of alcohol, and only 24.5 grams of alcohol were added, together 
with some water, to make the total volume of 1,000 c. c. In the control 
dose, the three bottles of beer were likewise used, and thus on control days 
the subject received 3 grams of alcohol. There were 4 control experiments 
and 4 alcohol experiments, all of which were made between December 3 and 
13, 1919. In the third series, the alcohol was diluted with a common com- 
mercial brand of unsweetened grape juice. Analysis shows that there was 
0.1 per cent or less of alcohol in the 300 c. c. of grape juice used in making 
up both the alcohol and the control doses. This quantity of grape juice 
had a food value of about 200 calories. The same grape juice was used 
throughout the series, which contains 3 control days and 4 alcohol days. 
The experiments were made between December 1 and 20, 1919. There was 
a slight overlapping in time of the grape-juice-alcohol series with the pre- 
ceding beer-alcohol series. The fourth or grape juice and alcohol series of 
1920 came just a year later than the first grape juice and alcohol series, 
with the same dosage and with 2 control and 2 alcohol* days. The fifth 
and last series with 30-minute periods may be designated as the cider- 
alcohol series of 1920. The alcohol was diluted ordinarily with fresh, sweet 
cider. In two cases, however, experiments Nos. 38 and 41, the alcohol 
content of the cider used had increased more rapidly than was predicted, 
which accounts for the larger dose in this case. A sample of the cider was 
analyzed at the time the dose was used, so that the alcohol content was 
carefully determined. This last series of experiments contained 7 days— 
3 control and 4 alcohol days. 


* It was unfortunate that the only preliminary practice day was Experiment No. 31 and that 
others were not arranged to precede this series, also that the series was so short. 
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These five series of experiments are really repetition experiments on 
Mow, their general purpose being to find whether or not there is a demon- 
strable effect from taking a liter of liquid containing 2.75 per cent of 
alcohol. It was thought that the dilution of the alcohol with various com- 
monly-used beverages would provide information as to differences, if any, 
in the effect of the alcohol under these varying conditions. Repeated ex- 
periments with the same subject, with the same experimental conditions 
and measurements, gave opportunity to observe if an alcohol tolerance de- 
veloped at all rapidly in connection with such usage. 

The conditions which apply to all these five series of observations on Mow 
may be outlined briefly. The experiments were invariably made in the 
early part of the afternoon. The subject ate a rather hearty breakfast at 
7200" to 7530™ a.m. The morning was spent in laboratory work of one 
kind or another, and 1 hour before the preliminary part of the experiment 
began the subject ate 25 grams of dry crackers and the same weight of 
strawberry jam. No water was taken at the time or in the two hours 
preceding the alcohol. At the end of an hour the subject urinated and began 
his experiment. The series of measurements was carried out twice before 
the dose was taken, that is, there were two preliminary periods. Sometimes 
the preliminary experiments began at 12 (noon) and sometimes at 1 p. m. 
After the two preliminary periods, which always occurred whether the 
control or the alcohol solution was to be taken afterwards, there was an 
intermission of 15 minutes. During the first 10 minutes the subject drank 
the 1-liter dose, either alcohol or control, as the case might be. He then 
sat down for 5 minutes before resuming the tests. Four experimental periods 
were next made in succession. 

The only exception to this routine was in the water-alcohol series, in 
which only three experimental periods were completed following the dose. 
The four periods required almost exactly 2 hours. There was a slight 
deviation in total time, which probably tended toward a little longer period. 
The sessions were extended only 2 hours beyond the ingestion of the dose 
for various reasons, i. e., to minimize fatigue, to economize the time of both 
subject and assistant, and to give opportunity for subsequent observations 
of the metabolism and other factors. Furthermore, it had been observed in 
the typewriting experiments that the maximal effect occurred within the 
first 2 hours. The subject always urinated at the end of the second pre- 
liminary period and also at the end of each period following the experi- 
mental dose. In the case of control experiments the volume of the urine 
only was measured and no sample was retained. For all alcohol experi- 
ments not only was the volume of the urine measured, but the sample was 
kept for determination of the alcohol content of the urine. 

The five series of experiments on Mow are most regular in respect to pre- 
liminary food, controlled conditions of living, the time of day for experi- 
mentation, the experimental routine, and exactness of the time intervals 
succeeding the ingestion of the alcohol. The routine always included the 
following measurements and in the following order for all the series: finger 
movements, code test, pursuitmeter, pursuit pendulum, eye movements, eye 
reactions, station, and visual acuity or electrical threshold. In the first 
series the visual acuity was taken, but in the last four series measurements 
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of the electrical threshold were substituted for visual acuity. The collec- 
tion of the urine completed the period. As the subject knew thoroughly 
how to cooperate and for this reason no special adjustments by the assistant 
were necessary, this series of eight measurements could be completed in 30 
minutes without haste or difficulty and the regular half-hour schedule was 
quite carefully observed. The measurements followed very closely the 
following schedule: 


Finger movements...... Maximum speed for 10 seconds, 2 records made, 
1 minute. 
Codentesthr. co reuecsan ee Substitution of 50 letters, 2 minutes. 
Pursuitmeters seeeeacie A 5-minute test, 6 minutes. 
Pursuit pendulum....... 25 catches, 6 minutes. 
Eye movements......... 2 series, each 5 seconds long, 2 minutes. 
Hyerreactions. mii. srer 15 to 20, 3 minutes. 
tation weteeereen «oacecs A 2-minute continuous test, 3 minutes. 
Sensory threshold....... 16 to 18 determinations, 5 minutes. 
Urineysamplene.sccesiees 2 minutes. 
Total time for the test 
Perlod ne. sense oe 30 minutes. 


The first four tests were in one room, the others in an adjoining room. 
In all tests, except that of station, the subject was seated, and each test 
required a change of position, except the eye-reaction test, which followed 
immediately after the measurement of speed of eye movement, and with 
the subject in the same place. Hence he was fairly active, there being 
sufficient variety to maintain interest. 

The results for these five 30-minute series on Mow may conveniently be 
reported together for each measurement. The complete data, i. e., the 
average scores for the individual periods on each day for every measure- 
ment will be given in tabular form for the first, second, and third series 
(water, beer, and grape-juice series in 1919). The results for the fourth 
series (grape-juice series of 1920) are included for the most part in the 
group results discussed in Chapter VI; consequently, in our comparisons in 
this chapter, only the final results will usually be given for this series in the 
text. The results for the cider-alcohol series will mostly be given in the 
form of charts. 

It was expected that data regarding alcohol concentration would be 
available for all of the five series, and urine samples were regularly taken 
with this as the objective. Probably an insufficient amount of preservative 
was added to the urines and care was not taken to store the samples in a 
sufficiently cool place. When they were finally analyzed by the Nicloux 
method, the results were found to be irregular, for while some of the 
samples showed concentrations of alcohol which later experiments lead us 
to expect from such an alcoholic dosage, other samples, collected 30 minutes 
before or after, sometimes indicated complete disappearance of the alcohol. 
Consequently, all of the alcohol-urine results for the first three series will 
be omitted from discussion and only such data compared as were obtained 
in the grape-juice and cider series of 1920, when the urine samples were 


Nicloux, Recherches expérimentales sur l’élimination de l’alcool dans lorganisme. Thesis, 
Paris, 1900, and later papers by the same author; see Miles, Journ. Pharm. and Exp.Therap. 
1922, 20, p. 265, for references. . 
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kept on ice and analyzed very shortly after collection, no preservative 
having been added. 

In the experiments reported in this chapter, as well as in those in Chapter 
VI, it will be noted that two preliminary periods have invariably been used. 
This has been for the definite purpose of obtaining a more trustworthy 
preliminary level of performance before the dose was given. In the type- 
writing series of experiments, discussed in Chapters II and III, it was 
found that the one preliminary half-hour period is quite variable, and 
consequently two methods of computing the effect of alcohol were resorted 
to. In these experiments with dilute alcohol and those which follow we 
employ but one method of computing the effect of alcohol, that is, the 
percentage from differences, the so-called difference method. (See pp. 4 
and 46). A slight amount of attention devoted to this matter will, we 
believe, convince the reader that this percentage effect, as computed by the 
method in which two preliminary periods have been averaged to get the 
level of performance for the day before the ingestion of the dose, is the 
most logical and objective method that can be used for such a comparison. 
The tables presenting the results for the different measurements are very 
uniform in construction, and aside from the original period values, which 
are usually averages, any of the computations can be there verified if it is 
desired. When the decimal is 0.5 or more, the general policy has been to 
raise the figure to the next unit, and if less than 0.5, to discard it. 

In presenting the results, consideration will be given first to the effect of 
alcohol shown by the measures of motor control—static equilibrium, speed 
of finger movement, velocity of eye movement, and coordination with 
pursuit pendulum and pursuitmeter. The results for speed of eye reaction, 
sensory thresholds, and the transliteration of code will then be discussed in 
order. Finally, data for the effect of alcohol on the volume of urine and 
on the metabolism will be reviewed. 


Static EquILIBRIUM. 


This was the first study in this group of researches in which observations 
were made of the effect of alcohol on static equilibrium. The station 
measurements were carried out with the ataxiameter which had previously 
been developed in the Nutrition Laboratory. A description of the apparatus 
and the technique has been given on page 24. 


AMOUNT OF Sway. 


The results of the station test for the water, beer, and grape-juice series 
of 1919 are given separately in table 38, which is, in fact, three small tables 
combined under the same heading. The series is indicated at the left, also 
the division between control and alcohol data and the dates of the experi- 
ments, these latter agreeing with the chronological arrangement in table 37. 
The control data and the alcohol data are averaged for the amount of sway 
for each period separately and the differences computed, as well as the 
differences representing the effect of the alcohol and the percentage effect. 

The averages for the preliminary periods of these three series of experi- 
ments indicate that some increase of ability in this test was taking place, 
these in chronological order being 746, 742, 658, 637, 632, and 633 mm. 


- 
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Usually, the series was arranged so that the alcohol experiments were 
interspersed among the control experiments, for if all of the control experi- 
ments came first and the alcohol experiments later, the improvement from 
practice in the test would be unevenly divided. These preliminary scores 
agree fairly well with what has been found on the average for adult men, 
as 16 men in their earliest trials with the same apparatus gave an average 


TABLE 38.—E fect of dilute alcohol on station as measured by the ataxiameter. 


Amount of sway at successive half-hours. 


Series, type, and date Average 
of experiments. Following dose. after 
dose. 
Water-alcohol series, 1919: . : : . % mm. mm. 
Controls; Novi Sete -c,.|> (8045 e875 ae 850 4 5918.5) SoG ele eee 891 
Nove 8. fiecees| 742 | 896" 8 S64" oir 1849 set o24 ee eee 882 
Novo eect O2LP Ue sG20 e211 65S) ee 1 Om eee ize 
INOVs 2 Leciiates = 66d: Si) *697 iin 643 71 nle S696 Sil eG74 eet ee ees 671 
INOV.225. Sa.cies 27565 4) 07S Me eSB) | OSie te mrs meet eee ee 731 
IAVOLa ges. ciao curs eteuers D107. | 706 5) S07 a) a eee 780 
Differences: 7. ka. eset CTAB) ET E220 Sole ieee +34 
Alcohol:aNov.! Giese. 3] 271 it ¢ GSS FO0Se | PESO eeise eee eee 841 
INOVe o/ sacs taste @ 200 ab 468 2 LOSS SO SOUS TOTS ese eee 1054 
Noy. 10. oc6a5| 7 753: | 726° 21042" "1" “968 24) oon tae eee 995 
NOV L752 eo e720. 2 F738. A PeLOST | eO27 | Ae a eee 1027 
INN MIS Cohn oe fg Of4E @ | ehI143 0 W CRIS2 Sie e es 1083 
AVOTALCS x ncai boule ns| 208 1 elO. teclOOl 6 ot) O48. Te TOS aah cee 1000 
‘Differencess,.i2% ses ces) | (42) P= 2598 206" hE 308 ee ae +258 
dphacldes teach wea oe) HZ38 Oa L 86h e247 eee +224 

L Effect in per cent....... ! : : FS be ie Se + 30.1 

Beer-alcohol series, 1919: 

{ Control? Dec: S4nc 05. - 692 612 
Doce Dae ame 535 597 
Deck Ones cee 643 680 
Declan eern 723 682 
FAVEPAROS. stance aes 648 643 
Differences........... —10 — 16 
Alcohol? Dec. 3....... 637 794 
Dect Sane. 778 863 
Deore Ols «cue ctes 682 846 
Deen Asian nee we 673 847 
AV OLAS incseis sins Rows 692 838 
Differences....6..0 00.6. +55 +201 
se Atebahall onbtk Grefete ls Oconee meters +65 +207 


Effect in per cent....... 
Grape juice-alcohol series, 1919: 
Controls) Decse 2inie wes 


638 658 

Denk Gise scree. 688 652 

Deon. Okey irs sec. 622 607 

AVGTARES 4 cing sre ok 649 639 
Differences........... 1 

Alcohols Deon) Lineman. a ieee 

Decree mse 681 805 

DeG.Bl 7s tonne 722 755 

Decl Siahenndes 748 749 

AVOPAROS. occu nent 731 784 

Differences, .....+..0. +203 +233 + 68 +98 +151 

BE oro SaIGOR Ys +221 +225 + 48 +81 +144 


acini |} + 35.0] + 35.6] + 7.6] 412.8] + 22.8 
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of 745 mm." The effect of alcohol in the water series shows an increase in 
swaying amounting on the average to 30.1 per cent. This is about equally 
prominent in all three periods following the alcohol. In the beer series the 
average effect is a trifle larger, 33.5 per cent, notwithstanding the fact that 
the experiments were continued for a longer time, that is, for four periods 
after the dose. The percentages for the different periods show a fairly 
regular course with decidedly the highest value, 53.2 per cent, in the fourth 
period, that is, 1 hour after the alcohol. In the grape- juice series, the 
direction of the alcohol effect of increase in swaying is of about the same 
amount for periods 3 and 4. The results in period 5 are unaccountably 
irregular so that the average for the four periods following the taking of 
alcohol is but 22.8 per cent. No well-pronounced maximum is indicated, 
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Fic. 10—Results of Station Measurements in Cider-alcohol Series. 


The extreme left-hand scale gives total millimeters of sway and applies to curves for alcohol 
and control. The inner left-hand scale, milligrams of alcohol per cubic centimeter, applies to 
the urine curve which shows the alcohol concentration in the urine at various time intervals 
following the complete ingestion of the dose. The inner right-hand scale applies to the excre- 
tion of urine per minute in cubic centimeters. The outer right-hand scale in per cent applies to 
the curve marked “‘effect’’ for the percentage alcohol effect. The number of minutes after 
ingestion are given on the abscissa as well as the minutes preceding ingestion by which the posi- 
tion of the test intervals are located. The arrangement of this chart is typical of many that 
are to follow in this chapter. 


the increase in the hour after alcohol being about 35 per cent in both periods. 
The fourth series, grape juice and alcohol in 1920, which is not included in 
table 38, gave effects for the four periods following alcohol of —4.5, +23.3, 
+11.9, and —2.4, with an average of +7.1 per cent. (See table 62, p. 239.) 

The effect in the cider-alcohol series, as well as the average data for 
these control and alcohol experiments, are shown in the chart in figure 10. 
The extreme left-hand scale gives total millimeters of sway obtained by 
adding the score for all of the four movement adders. This scale applies 
to the curves marked “control” and “alcohol.” The inner left-hand scale, 
designated “mgm. per c. c.” applies to the curve marked “urine,” which 
indicates concentration of alcohol in the urine at various times following 
the ingestion of the alcohol. The time relations of the control and alcohol 
measurements, of the urine curve, and of the curve for the effect of alcohol 
are shown on the abscissa as minutes prior to and after ingestion. The 


@ Miles, Journ. Industr. Hygiene, 1922, 3, p. 328. 
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extreme right-hand scale applies to the curve marked “effect,” which gives 
the percentage effect of the alcohol. 

The chart shows very readily the marked contrast between the results 
following the taking of the alcohol solution as compared to those following 
the ingestion of the control solution. While the preliminary values for both 
series are closely the same, those following the alcohol indicate an immediate 
change, while those following the control dose remain at essentially the 
same level. After the alcohol the ability to stand motionless drops suddenly 
and prominently, but recovers to a large extent in periods 5 and 6. The 
alcohol effect for the various periods in order is 29.1, 44.9, 27.0, and 10.8, 
with an average of 28.0. The maximum effect in this instance appears to 
occur at about the time the alcohol reaches its maximum concentration in 
the urine, but the effect seemingly decreases more rapidly than the alcohol 
concentration falls in the urine. 

This coiaparison of the time relations of the alcohol effect and of the con- 
centration in the urine in this and succeeding charts is worthy of note. So 
far as the writer is acquainted with alcohol literature, such relationships 
between the influence of alcohol and its concentration in the body fluids have 
never before been objectively obtained. The curves have been drawn in 
such a way that when the alcohol effect is in the direction of a decrease in 
efficiency or a poorer grade of performance, as judged from the normal, the 
curve moves downward. Thus it tends to parallel the alcohol performance, 
which is also charted in such a way that a downward direction of the curve 
indicates a poorer score. Accordingly, the curve for the alcohol effect 
frequently takes much the same shape as in figure 10. In these five series 
of experiments, since the periods were 30 minutes long, the plotted points 
on each curve are 30 minutes apart. The urine values are plotted midway 
of the 30-minute intervals. A still more accurate comparison as to time 
relations between the two curves will be possible in the experiments with 
Mow in which 15-minute periods were used. 

The volume of each urine sample was always recorded and a urine per 
minute curve has been plotted in blocks in each chart for a more complete 
presentation of the urine data. Its general form corresponds roughly with 
that of the alcohol concentration in the urine, but even in this case it is 
observed that the highest point in one curve does not coincide with the 
highest value in the other. The two curves will not superimpose. In fact, 
the alcohol concentration in the urine was found by Widmark® and later 
by Miles’ to be independent of the diuresis or the amount of urine passed 
per minute. 

ArBA oF Sway. 


In most of these station tests, graphic records were made at the same 
time that the ataxiameter score was taken. The graphic tracing has an 
advantage in that it shows the general scatter or area of the swaying. In 
the common observation of an individual, who is ill or intoxicated, it is the 
area of sway that claims our attention and likewise in the usual administer- 
ing of the Romberg test. A large amount of sway is associated usually 
with a large area of sway and vice versa. 


®@ Widmark, Skand. Arch. f. Physiol., 1916, 33, p. 85. 
+ Miles, Journ. Pharm. and Exp. Therapeutics, 1920, 20, p. 265. 
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Typical graphic records for this subject and for these series of experi- 
ments are illustrated in figure 11. The upper tracings were obtained in the 
control experiment of December 11, 1919, which was the last control day in 
the beer-alcohol series; the lower tracings were obtained in the comple- 
mentary alcohol experiment on December 13, 1919. Below each tracing 
the period number is given, together with the scores for amount of sway 
and for the computed area. The normal tracings are usually longer than 
they are broad and tend to be somewhat elliptical in form. In each case the 
lowest portion of the tracing would represent the extreme forward sway. 
As a rule, the subject, in swaying forward moved somewhat to the right, 


Dee. 11, 1919 
tliter 
water 
' 2 3 5 6 
{mount: mm. 690 687 658 682 723 
\rea: sq. mm. 585 795 660 779 15122 
Dec. 13, 191 9 Lite % 
275 al vg : 
2759. yy *, 
be 
i 2 a 4. 5 6 
mount: mm. 680 653 855 1,052 806 673 
rea: sq. mm. 585 700 2,294 1,326 840 850 


Fia. 11.—Typical Series of Graphic Records from Station Tests. 


Upper series: Control day (December 11), with 1 liter non-alcoholic beer and water taken 
between periods 2 and 3. Lower series: Alcohol day (December 13), with 27.5 grams alcohol 
in 1-liter solution (2.75 per cent alcohol by weight) taken between periods 2and 3. The change 
in area of sway after alcohol is obvious. 


and in swaying backward to the left. Between periods 2 and 3 and, of 
course, nearly 40 minutes before tracing 3 was taken on the control day, 
the liter of control solution was ingested. The areas of tracings in periods 
4, 5, and 6 are somewhat larger (see table 39) than the average for the two 
preliminary periods, although the millimeter scores for the amount of sway 
in periods 4 and 5 are not larger than similar scores in periods 1 and 2. In 
the alcohol experiment on December 13, as indicated in the lower horizontal 
line of tracings, a liter of liquid containing 2.75 per cent of alcohol (27.5 
grams) was taken between periods 2 and 3 and about 40 minutes before 
tracing 3 was made. It is very obvious that there is a difference between 
tracings 3, 4, and 5 and those for the preliminary periods on this same day 
or for the comparison periods above. From these particular tracings it 
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appears that the lateral component of movement is especially accentuated. 

“It is interesting to note the difference between the scores for the amount of 
sway and those for the area of sway. On December 13 (see lower portion 
of figure 11) the area is considerably greater in period 3 than in 4, but the 
amount of sway is larger in period 4. 

The areas in square millimeters for the graphic tracings have been 
measured by finding the smallest rectangle that would completely inclose 
the tracing. This rectangle has been placed on the graphic record without 
regard to the absolute anterior-posterior and lateral axes, that is, no atten- 


TABLE 39.—Effect of dilute alcohol on station as measured by the graphic method. 


Area of sway at successive half-hours. 


Series, type, and date 


of experiments. Preliminary. Following dose. 
1 2 4 5 
Water-alcohol series, 1919: sq.mm.|sq.mm. sq. mm. | sq. mm 

WontroleeNoved Geo ese 1650 | 1080 1224 1794 
INIOVirn 2lepenaue aisles 1003 | 1380 1020 1428 
INO Varco tiers 1224 | 1155 1540 1144 

AVOPAgOS yasciiec cus sree 1292 | 1205 1261 1455 
Pifierenceshisct.s.c4 5 ste (1249) + 12 +206 

(AlcoholsUNovs Evan eae et 1520 600 989 1568 

INO Ven Suraienner 1088 855 | 1768 1643 

AVCLALOS its, ai<. tvs, seresnstoits 1304 728 | 1379 1606 

Differences............ (1016) | +363 +590 

Effect, invdifferences, =...--|. ceo eee ees +351 +384 

Effect in per cent........ (1133) + 31 + 34 
Beer-alcohol series, 1919: | 

ControlDecw Accra. cs: 780 612 627 731 
Dew bn coeies 918 595 | 585 524 
Deck Olam 825 720 | 840 800 
HOC Grail tees sete ne 585 795 854 779 

Averages........ oot 777 | 681 727 709 
WMifferenicésas eee ae (729) —- 2 — 20 

Alcohols Deo. diesen 646 777 1333 1056 
DGC cE. Sirancaeices 901 645 | 1512 1152 
Dees ‘Oo naehos 456 | 1265 2684 1560 
Deol 3 tenis oe 585 700 | 1326 840 

HAV OTR POR aes conc uie tier 647 847 | 1714 1152 
Differences............ (747) | +967 +405 
Effect. in differences......]...... ....» | +969 +425 
Effect in per cent........ (738) +131 + 58 
Grape-juice-alcohol series, 1919: 

ControlDeca2h naa. ue 1200 | 720 | 896 795 
Decks 6s setae 735 848 | 665 770 
WedrecOn each 324 885 | 738 714 
AVOLages ts. sees ere 753 651 766 760 
Differences............ (702) + 64 + 58 
Alcohol Des. 1s aa .eivc 784 688 828 546 
Deceit. en cet 608 675 1620 1026 
DeoL7 ee ee 616 605 1134 819 
Dé6e: #18 2cacsnteck 410 672 1450 1250 
JAVOLASOS.cac cea 605 | 660 1258 910 
Differences............ (633) +625 +277 
Effect in differences......]............ +561 +219 

Effect in per cent........ (668) + 84 + 33 
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tion has been paid to the real axes of the smoked paper, and the tracing has 
been given every advantage for the reduction of its square millimeters of 
area. Measurements made in this way provide us with the data given in 
table 39. Graphic records were not made on November 5, 6, 7, 8, and 10 
of the water-alcohol series of 1919, so that the results given in the table are 
for only two alcohol and three control days of this series. It will be seen 
from the preliminary values that the area fluctuated even under what 
appears to be normal conditions; accordingly a close agreement between 
the results for the different series of alcohol experiments can hardly be 
expected. The water-alcohol series shows increases in area after alcohol of 
61, 31, and 34 per cent for periods 3, 4, and 5, with an average for the 
interval following the alcohol of 42 per cent. The increases in the beer- 
alcohol series are in general larger, with a maximum of 131 per cent in 
period 4, but a minus value in period 6. The average for the 2 hours is an 
increase of 66 per cent in the area of sway. The grape-juice series of 1919 
gives the highest increase in area of sway in period 3 with 106 per cent, with 
percentages of +84, +33, and +58 for the succeeding periods, and an 
average of +70 per cent for the four periods after alcohol. The grape-juice- 
alcohol series of 1920 gives an increase of 45 per cent in period 4 as a 
maximum. (See table 63, p. 242.) In the other periods, the changes are 
rather slight with —38 per cent in period 6. The cider-alcohol series shows 
+28 per cent in period 4, but all of the other periods are minus. 

We may conclude from these measurements of the area of sway taken 
from graphic tracings while the subject is endeavoring to stand still, that a 
solution containing 2.75 per cent of alcohol increases the scatter or range 
of such swaying as a general thing, but that measurements made in this 
way are more rough and less uniform from period to period than when the 
amount of the sway is recorded on the ataxiameter. The station test is a 
sensitive indicator of the effect of alcohol and shows roughly a decrease in 
efficiency of about 35 per cent as a maximum 1 hour after the ingestion of 
27.5 grams of alcohol in a liter of solution. 


Finger MoveMENTS. 


The technique of the measurement of the finger movements in this study 
with a trained subject and in the study reported in the following chapter 
differed from the method used with the typists in that the movements were 
recorded on a kymograph instead of photographically. The method has 
already been described. (See p. 16.) 


Sprep oF Fincer Movements. 


The average performance for this subject varied closely from 75 to 77 
finger oscillations in 10 seconds. A comparison with the scores for other 
subjects in Chapter II as well as in Chapter VI indicates that this is a 
fairly rapid rate. There is no observable continuous improvement from 
practice shown in table 40. In general, the speed of the finger movement 
decreases slightly after the control dose, but the decrease after alcohol was 
still more marked. The percentage effects of alcohol are practically always 
minus in direction. In the water-alcohol series, they are —1.7, —4.1, and 
—2.6 per cent, with an average of —2.8 per cent; in the beer-alcohol series 
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they are —0.4, —2.6, —3.8, and —3.2 per cent, with an average of —2.5 
per cent. The effect was a little less with the grape-juice-alcohol series of 
1919, being +1.0, —1.7, —1.9, and —2.3 per cent for periods 3 to 6, respec- 
tively, averaging —1.2 per cent. The grape-juice-alcohol series of 1920 (the 
results of which are published in detail in Chapter VI) gave +0.1, —1.3, 
—4,8, +0, and average —1.5 per cent. 


Tase 40.—Effect of dilute alcohol on speed of voluntary finger movements. 


Series, type 


, and date 


of experiments. 


Water-alcohol series, 1919: 


Control: Nov. 
Nov. 
Nov. 
Noy. 
Nov. 


Averages. . 
Differences 


Alcohol: Nov. 
Nov. 
Noy. 
Nov. 
Nov. 


Averages. . 
Differences 


Effect in) per conta... <a 601s 


Beer-alcohol series, 
Control: Dec. 
Dec. 
Dec. 
Dec. 

Averages. . 
Differences 


Alcohol: Dec. 
Dec. 


Averages. . 


1919: 


Effect in per cent............ 
Grape-juice-alcohol series, 1919: 


Control: Dee. 


Dec. 
Averages. . 
Differences 

Alcohol: Dec. 

Dec. 


Averages... 


No. in 10 seconds at successive half-hours. 


Preliminary. | 
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Uy eee 
3 | 74.7 
7 74.3 
6 73.7 
9 | —3.8 
9| -—2.5 
8 | —3.2 
9 75.2 
Ot 7651 
5 | 76.6 
7 76.0 
6| —1.3 
9} 72.5 
0 73.3 
1 76.6 
4| 74.0 
I 74.1 
1} —3.1 
5} —1.8 
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(See table 64, p. 244.) The chart for 
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the finger-movement data of the cider-alcohol series is given in figure 12. 
The average performances for control and alcohol days follow each other 
very closely until the second period after alcohol, when the speed begins to 
decline; this decline shows clearly in periods 5 and 6. The effect of the 
alcohol is most prominent in period 5, being a decrease in speed of finger 
movement of 2.4 per cent. The urine curve and the urine per minute curve 
are likewise given as in the previous chart. The maximal effect of the 
alcohol follows the maximal concentration in the urine. Only in the water- 
alcohol series was the maximal effect on the finger movement as early as 
period 4; in the other series it tends to appear in period 5, and in one case 
(the grape-juice series of 1919) it is in period 6. 


Rees eee 

Nr tot | A 
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Fia. 12.—Alcohol Effect on Finger Movement Compared with Concentration of Alcohol 
in Urine at Intervals After Ingestion. (Cider-alcohol Series, 1920, Subject Mow.) 


While the effect of the alcohol is not large, usually less than 4 per cent, 
thus agreeing with the results found in the alcohol typewriting series, it is 
nevertheless quite clearly in the direction of a reduction in the speed of 
finger movement following the dilute alcohol. 


AMPLITUDE oF FrnceR MoveMENTS. 


In none of the publications from the Nutrition Laboratory giving the 
results of studies in which the finger movements have been used as a 
measurement of neuro-muscular control have we given any consideration 
to the amplitude of these movements, the speed being the only factor com- 
puted and reported. It seemed logical to limit the presentation of the 
results to the speed because of the wide variation in amplitude adopted by 
different subjects. In July 1922, when a large number of the records were 
spread out for inspection of the time records on them, we were strongly 
impressed with the variation in the amplitude and in the character of the 
finger movements following alcohol in the tests with Mow. Ina preliminary 
sorting of the records, with no reference whatever to dates or to groups of 
records, it appeared that the tracings made by this man after alcohol could 
usually be recognized without difficulty. 

The differences may be seen in figure 13, which reproduces part of six 
tracings taken on one alcohol day (November 7, 1919, periods 3, 4, and 5). 
Only sections of the tracings are reproduced, but these are typical. A and B 
are from period 3 and, as they were performed about 5 minutes after taking 
alcohol, they may be considered about normal. C and D (period 4) and 
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E and F (period 5) are clearly of a different:character. The average ampli- 
tude of these latter appears somewhat reduced, but the particular feature 


Fia. 18 —Typical rer niesiias Records ; Mow, Showing Characteristic Change 


in Amplitude and in Variability of Amplitude After Alcohol. 


Part of record for November 7, 1919. Tracings A and B were made in period 3 about 5 
minutes after the ingestion of alcohol, C and D were made in period 4, about 35 minutes 
after ingestion, while Z and F were made 30 minutes later. 


eee mi | 


to be noted is the variance of the successive finger movements in their 
height of flexion and extension.” In view of these changes in character, 


* In the figure a movement to the right is always flexion of the finger. The record was made 
proceeding downward. 
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TaBeE 41.—Effect of dilute alcohol on amplitude of voluntary finger movements. 


Average amplitude at successive half-hours. 


Series, type, and date Average 
of experiments. Preliminary. Following dose. after 
: dose. 
1 a 4 5 
Water-alcohol series, 1919: mm. mm mm. mm mm. 
ControkzzNove O06. 4s Get : 13.4 12.9 als ers We eer oc 13.2 
IOV Sin « 66 ak 22.8 58) 21.5 19.0 15 4s ect vategate 18.6 
INOVin Dec ec mate 28.4 .6 26.3 22.9 OS | ecaeete tone was 23.0 
INOVs Sly. cae. 28.1 8 25.6 16.6 15,0 eet cee 19.1 
Noy2284 5.02.6 Bias 5 Q2n0 19.2 1O:A0a epee 20.4 
AVOTAZOS... dice cca ces 24.5 .0 21.8 18.1 TGiG eran stoeranne 18.8 
Differences........... (24.8) — 320 e— O58 I = Bad We srete susie — 6.0 
Alcohol: Nov. 6....... PETE E Nea crt) 17.1 15.5 142.6" |aawenerees Bid 
INOW Gas sian Ps eH IR 211 13.8 ASO" | Rake estes 16.1 
INOVEAOS: ounce 18.9 | 19.7 20.1 13.9 1328: | eEeeencs 15.9 | 
IN OWsp kd ise schon e aero tak 18.8 19.4 LOS eee ereise 18.0 
POWs pL Sie a uve ont 29.3 | 29.3 23.4 Waa We AX 53 he cee 19.4 
PV OVALOR reels ae x:s13ate 2a dT Meas ZOE 15.9 15) Loe ats 17.0 
Difforences..4 cess <5 (24.0) S20) ea SiN) eS Ot cere anies = F510) 
Fifect m: differences... ....|c<<% 00)... 000% =O) Oi rm 4 OT dincectsneysears — 1.0 
Effect in per cent....... (24.4) Se Fy WO i) ee. 9 alm tarers — 4.1 
Beer-alcohol series, 1919: 
@ontrole Dee. 4. ...\..2. KR! sel avg ihe 10.5 13.4 8 1sae 
Dees, « Hd.54ien 13.6 | 14.8 14.9 13.4 14.1 6 13.8 
Dee. VO as a: ors .o0 16.4 | 18.5 | 18.0 12.3 13 22 i 14.3 
66s ELS iecs. cis 14.0 | 14.2 14.6 13.3 13.4 8 13.5 
IAVGTAPCS ese sockets 15.2 | 14.8 14.8 12.4 13:5 0 eS 7/ 
Dasferences sat ereteine aie (15.0) — 0.2] — 2.6} — 1.5 0| — 1.3 
Aleohol: Dec. 3....... 1658), 16,1 12.5 1222 11.3 4 11.6 
DGG Scie 5 Ly pea Rah a Wet} 13.5 9.6 8.4 4 10.7 
Wea Occ aes AOU Liked 14.8 10.1 9.9 5 adie 
WCC. S's saccine 14.4 | 15.9 12.8 9.9 9.5 6 10.5 
PAVETAQCS cece AAG areca) > 16.5 | 16.4 13.4 10.5 9.8 2 11.0 
Differences. 0% 0.2 (16.5) — 3.1| —6.0| — 6.7 3) — 5.5 
Effect in differences.....|...... tessa — 2.9| — 3.4] — 5.2 3 | — 4.2 
Effect in per cent....... (15.8) —18.4 | —21.5 | —32.9 5 | —26.6 
Grape-juice-alcohol series, 1919: 
Control: Dec; 2.4.55. 16.3 | 15.5 15.6 15.1 13.5 a 14.5 
DGG LG Meyers 15.4 | 17.6 15.9 14.6 ef iil 2 16.2 
Dees 20). 5 s<.05 + 20.9 | 20.4 19.6 18.4 17.0 9 Viet 
AVOragesies ca s\s5 bores 7250s ao 17.0 16.0 15.9 6 16.1 
Diskerences. =). iis. a. (Gls) — 0.7 | — 1.7 |;— 1.8 1} — 1.6 
‘Alcohols; Deer Tue... - 19.3 | 18.5 14.5 “12.0 13°3 0 13.0 
WDCC e LOsesare tia 14.0) 13.8 11.5 1 ACG) 9.8 0 10.6 
GCM LICE Reece 18.0 | 18.3 14.8 10.8 12.5 8 i) 7 
DCGsed Sia... ovsie o> 1820) (215.9 15.8 13.2 12.4 8 13.6 
WAV OTS LOB Sarc,«6 scmhwierss 17.3 | 16.6 14.2 11.8 12.0 9 12.7 
Differences........... (17.0) = WUE |S BA | Ss DW 1| — 4.3 
Effect in differences.....|...--. bearded = Fb SS Eco Sin 0| — 2.7 
Effect in per cent....... (17.4) —12.1 | —20.1 | —18.4 5 | —15.5 
Grape-juice-alcohol series, 1920: 
Control Det. Siraae ni - 25.5 | 29.4 25.3 24.4 24.7 6 24.8 
MI OCra ld waar ae 24.5 | 23.0 21.4 Aes Si 20.5 AG 20.2 
AV OYASER Kee eee vie 25.0 | 26.2 23.4 2383 22.6 te 2250 
Differences... + «- (25.6) — 2.2| — 2.3} — 3.0 Osrors 
Alcohol: Dec. 9....... 22.9 | 19.5 20.6 19.9 16.9 6 18.5 
9 20.1 18.5 15.4 8 18.0 
“73 20.4 19.2 16.2 72 18.3 
=n 4 2.00] 5.0) .6| — 3.6 
+ 0.8|/ — 0.3 | — 2.6 3} — 0.5 
+ 3.4] — 1.3] —11.0 3)/—- 1.9 
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Taste 41.—Effect of dilute alcohol on amplitude of voluntary finger movements—Continued. 


Average amplitude at successive half-hours. 


es eee or Average 
Series, type, and date after 
of experiments. Preliminary. Following dose. dose. 
1 2 3 4 5 6 

Cider-alcohol series, 1920: mm. | mm. mm. mm. mm. mm. mm. 
Control: Dec. 15....... 24.3 | 25.6 22.6 25.0 24.7 2d 24.0 
Mees, US amiss: 29.6 | 21.5 20.1 22.2 22.0 19.0 20.8 

Deen 22h eee 20.2) 2020 20.1 21.8 22.4 21.3 21.4 

AVOTA ROS Che tee smtee 24.7 \ 22.6 20.9 23.0 23.0 eins 2258 
Differences........... (23.7) — 2.8/ — 0.7] —0.7| — 2.4} — 1.7 
Alcohol; Dec. 18....... 24.7 | 2152 17.3 14.9 16.3 18.8 16.8 
Decs heer 25.0 | 26.0 23.3 16.3 15.3 16.0 bly GE f 

Dees th lsieaic oss 22.0 | 24.5 19.3 15.8 13.8 18.3 16.8 

Decwe 20s ees 23.8 | 21.8 16.3 12.3 11.0 10.3 12.5 

AV OLA@OS samen. nome 23.9 | 23.4 19.1 14.8 14.1 15.9 16.0 
Differences........... (23.7) — 46] — 8.9] —9.6| — 7.8] — 7.7 
Effect in differences.....]...... Ra Pe ol —1.8| — 8.2} —8.9| —5.4}| — 6.1 
6 | —34.6 | —37.5 | —22.8 | —25.6 


Effect in per cent....... | (23.7) — 7. 


measurements of Mow’s records are necessary, since he is thoroughly 
practiced in this measure and had absolutely no knowledge that his method 
of performing the finger movement was any different after the alcohol dose 
from that after the control dose. If an alcohol effect of this nature was 
found really to exist, it could not be ascribed to subjective bias, but must 
arise from the efforts to keep up the speed of the movement after the alcohol 
had been ingested. 

To measure the height of all of the individual finger movements of all 
the tracings which had been taken on Mow was indeed a very large task 
and seemed unnecessary. It was arbitrarily decided to measure 25 oscil- 
lations in each record, the height of extension and flexion being measured 
separately, thus giving 50 measurements in all for each tracing. These 
50 measurements were averaged to provide one value to represent the score 
for the amplitude of that record. Two records of the finger movements were 
taken in each period in these five experimental series on Mow, and 25 con- 
secutive finger oscillations were measured on both of these records. The 
position in the record chosen for the measurement was constant. When 
making the record, the tracing always began at the seam of the paper; 
therefore it was convenient to begin the measurement of amplitudes where 
the paper had been cut and at the end farthest from the beginning of the 
test. It must be clearly understood that we did not pick out the jerky, 
irregular spots in the tracings and measure these, although such spots often 
exist, as do illegible spots in the typewriting records. We arbitrarily 
selected a certain position for measurement of all records, and the result 
from this fairly large sample was taken as typical for the record. The 
individual measurements were to the nearest half-millimeter. 

The results of these measurements of the amplitude are given in table 
41 and include all five series. They indicate from 10 to 30 mm. as the 
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TaBLe 42.—Effect of dilute alcohol on variability in amplitude of finger movements. 


Coefficient of variability at successive half-hours. 


Series, type, and date eons Average 
of experiments. Preliminary. Following dose. after 
dose. 
1 | 2 
Water-alcohol series, 1919: p. ct. sich . : p. ct 

Controls Nov. 62...°:.- 13.3 | 18:1 I 21-7 15.4 16:59) || Sees ee 18.0 
INOVE © tas ccs 14.5 | 14.7 | 14.1 13.4 LGie5F |e ees 14.7 
NOV=HO 49. fe oe bap WU Nie AOS 10.6 15.3 1 Oy feat UE a st a 14.3 
Nove2l sacs <:: 12.2 | 11:6 1250 £726 18'..5) eee 16.3 
INOW: 22/05 os! 11 T2"| 1024s) 14.1 16.6 15:29 eae 15.5 

AVOTOROS. ta Ce icc « 12.7 | 13.3 | 14.6 1527 1720). | cena. 15.8 
Differences... ........ (13.0) ee tO a oor tee AO! hee reat +2.8 

Alcohol: Nov. 6....... 13.3 { 16.3 14.3 19.2 2045 | Ses 18.0 
INOVUAat hic ciee . 9.1} 12.5] 14.5 23.1 BL Oe Verte ete 23.2 
Nov. 1045.6 -5. 10.7 | 14.9 | 15.9 19.8 TN fal ME oa 23.8 
IN OV det oars, 2s: 7.6 | 10.8 | 16.1 18.7 22:29" | eee: 19.2 
INOVE LS ae cies e:. 8.8] 11.6] 14.0 19.9 1834 ae oe 17.4 

FA VOTALOS Ss eos ie eas 929 | 13224 15.0 20.1 25,9 An eee 20.3 
Diverences so bc.:. ck s (11.6) i + 3.4/1 + 8.5 | 414.3 ]........ + 8.7 
Effect in differences.....]...... vette + Po 2-8 |) 5.58) | 103) |e. nea + 6.0 
Effect in per cent....... (1253) f +14.6 | +47.2 | +83.8]........ +48.5 
Beer-alcohol series, 1919: 

(Controls) Dec. - 4... ...<.| 10.4 | 14.3 15.4 15.9 IPA ste 12.6 14.2 
DEG. 0. © Sass 1167 15-2 13.5 14.9 18.7 13.6 15.2 
DecwlOe-s. os. 14:73) 224-1 on Uaye 14.3 15.0 18.2 14.8 
Darel seras 16e8 ieibs7 | 12.6 14.5 17.5 14.9 14.9 

PAV CTA QOS Oe ta) cto cie ae 13.0! 14.3 | 13.3 14.9 16.0 14.8 14.8 
Differences........... (13.7) — 0.4] +1.2} + 2.3] +1.1] 4+ 1.1 

Aloohol= Dee, 35. .6.<: 2 £18) ), 13-87) 229 17.3 21.4 18.9 20.1 
VBE aks ees oe AS eal oboe 13.4 25.2 26.3 20.9 21.5 
Dec. Oyen, 2s. 137 1108 14.6 24.0 18.8 25.4 20.7 
ec elses we or 1276} 13.35 20.5 21.8 21.8 23.6 21.9 

LAM OTA DCR 28 iio acc 12.8 | 12.81 17.9 eeek Zeek PHN AS 21.1 
Differences........... (12.8) f+5.1)/ +93} +93} + 9.4] + 8.3 
Effect in differences.....|...... Lae +5.5/4+ 8.1! + 7.0] +83] + 7.2 
Effect in per cent....... (13.3) | +41.3 | +60.9 | +52.6] +62.4] +54.3 
Grape-juice-alcohol series, 1919: 

Controls bec. Ziv. .s: 12.6 | 12.0 | 12.5 12.9 13.8 14.3 13.4 
Deckwel62 ccc RST a ip Urs 13.7 15.9 12.3 seh 13.7 
Dec. 20sec sc es 1st ets -8y I 15.6 14.4 14.8 18.3 15.8 

IAVOLAPES! yor cew Pav: W225ut t2e4 eels. 9 14.4 13.6 15.1 14.3 
Differences........... (12.5) ht+14/+1.9) + 1.1) + 2.6) + 1.8 

Alcohol: Dec. 1....... 2p Tees Galley 1A 17.9 19.0 yh lee al 
Weer LG va keer. 15.4 | 14.6 | 17.9 14.6 21.2 28.0 20.4 
DGCn Liane 11.6 | 12.9 16.6 19.6 18.4 12.9 16.9 
Dec iSi.7 ae. 13.6 | 16.4 18.1 22.9 Diane 22.4 PPE 

AVoragese eel Sace| 135 te 16.7 18.8 2165 20.1 19.3 

IDs erenGes yes a. rvskes (13.2) +35, +5.6| +83]; + 6.9] + 6.1 

Effect in differences.....|...... foserivorer aie Oe eer sed |e dae | a eo So 

Effect in per cent....... (12.9) +16.3 | +28.7 | +55.8 | +33.3 | +33.5 
Grape-juice-alcohol series, 1920: 

Control Dec. sou cnn. 12.5 9.7 14.1 Tone 14.3 13.5 14.4 
DGC e Larne ak 12.0 | 13.7 14.7 13.2 15.7 17.2 15.2 

IAVGLE SEB Y tree skeet aie WZ S08 L127 14.4 14.4 15.0 15.4 14.8 
Differences)... 2-64-16: (12.0) + 2.4 | — 2.4) + 3.0 | -- 3-4 | + 2.8 

‘Alcohol: Dee. -9.....5.. 10.5 9.6 14.0 Lah 24.4 21.2 19.2 

DEGALO Weer: 11.1 |] 13.8 | 14.3 OA) if 39.7 24.1 25.2 

PAV CTAROS sapere ae iehe eee Oe Sei tel laid 14.2 20.0 32.1 PE I Zan8) 
WUMTOrON CES. ic syeva ase (11.3) } + 2.9] + 8.7} +20.8] +11.4 | +11.0 
Effect in differences.....}...... Resteee aes SoOe5 | + O13 (41781) 4- 8:0 4) 4-822 
+ 4.3} +53.8 }+152.1 | +68.4 +69.7 


Effect in per cent....... (11.7) 
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Taste 42.—Effect of dilute alcohol on variability in amplitude of finger movements—Continued. 


Coefficient of variability at successive half-hours. 


» | Average 


Series, type, and date 
Following dose. after 


of experiments. 


Preliminary. 


Cider-alcohol series, 1920: p. ct. p. ct. p, ct. p. ct. p. ct. 
Control: Dec! 15.0.5. 11.9 13.6 12.4 11.4 12.3 
Decisions 14.0 14.5 i Deg 19.5 15.2 

Wecr 22. cheps ee TORE 14.6 12.3 15.5 14.4 

AVOLa PES sae sete wus sees ile f 14.2 WARS: ss} 14.0 
Differences... 2.90.25. +1.1] + 1.6] —0.1| +2.9] 4+ 1.4 
‘Alcohols Dect 13. sme. =: 14.8 20.2 16.5 2 Rate 16.8 
Deceel Grrerescs 13.6 16.7 20.1 22.9 18.3 

Deccall iamerenisc 14.9 16.3 22.6 20.5 18.6 

Decor 20 eres 16.0 20.9 29.6 30.3 24.2 
Averages .ceuieeis &.2.< 14.8 18.5 DL Ly 22.4 19.5 
Differences: screens + c- + 2.6] + 6.3 | +10.0 | +10.2 | + 7.3 
Effect in differences.....|...... Ls Siar + 1.5] + 4.7] +10.1] + 7.3} + 5.9 
Effect in per cent....... (12.4) +12.1 | +37.9 | +81.5 | +58.9 | +47.6 


range of normal amplitude of movement. The movements are regularly 
smaller after alcohol, and thus the effect is nearly always in the minus 
direction, the grape-juice-alcohol series of 1920 being the only one with plus 
values. (See periods 3 and 6.) The effect is usually at its maximum in 
period 4 or 5, and in some cases the change is larger than 30 per cent. The 
average results following the alcohol for each of the five series, as given in 
the table, are —4.1, —26.6, —15.5, —1.9, and —25.6 per cent. The effect 
was least in the fourth series (the grape-juice-alcohol series of 1920), where, 
as noted, there were two periods with small plus percentages. 

For each tracing the mean variation was found for the group of 50 indi- 
vidual measurements, and this was divided by the average amplitude for 
the group to obtain the coefficient of variability. The coefficients are given 
in table 42. The period coefficients represent the average of the coefficients 
obtained for the two tracings made in each period. The coefficients of 
variability, as shown in the preliminary values for all the series for both 
control and alcohol days, seem to us remarkably constant at 12 to 13 per 
cent. A most casual inspection of the table reveals that the variability 
values are definitely larger after alcohol. The averages in the fourth and 
fifth periods after the alcohol ingestion quite commonly show a percentage 
variability of 20 to 22 per cent. The effect of the alcohol in all five series is 
marked and quite uniform, the maximal effect usually occurring in the 
fifth period. All five series are more nearly alike in the size of the alcohol 
effect and in the regularity of increase and decrease during the four periods 
than was found to be the case with the speed of finger movement or with 
the amplitude. The maximal effects for the five series in order are approxi- 
mately 84, 62, 56, 152, and 82 per cent, respectively, for the increase in 
variability. The highest effect was in the fourth series (the grape-juice- 
alcohol series of 1920), in which the effect on the speed of finger movement 
was not particularly marked. 
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We are convinced that the results are not to be accounted for by any 
subjective bias or impression on the part of the subject who served. As an 
evidence of the effect of alcohol, they may represent something of an indi- 
vidual peculiarity on the part of subject Mow, but we think it more probable 
that they represent the situation which exists when the effect of alcohol is 
measured on a man who is thoroughly practiced in the finger-movement 
test and who throughout control and alcohol sessions seriously endeavors 
to keep his oscillation rate up to maximum, with no thought whatever about 
the amplitude of the movement. As will be seen later (see page 245), this 
conclusion was not substantiated in studies made with a group of young 
men. 

ConcLusions oN Errect or Atconot Upon Fincer Movements. 


Three features of the finger-movement data on a trained subject have 
been measured—speed, amplitude, and variation in amplitude between suc- 
cessive oscillations. The 27.5 grams of alcohol taken in a liter of solution 
are found to decrease the speed approximately 2 per cent, decrease the 
amplitude by a varying amount (about 15 per cent as an average) and to 
increase the variability roughly 50 per cent in the 2 hours after the ingestion 
of alcohol. The three features measured are certainly not independent of 
each other. We have no other data at hand with which to make any com- 
parison. Perhaps any reduction in the average amplitude of such move- 
ments produces a larger percentage variability. Possibly the effort to keep 
up the speed operates also in the same direction. However this may be, 
the results taken at face value indicate that the alcohol produces a definite 
but rather slight decrement in speed, while smoothness and easy facility of 
the performance are strikingly interfered with. The results of this simple 
motor-coordination test are very similar to those found in the typewriting 
studies as to the effect of the alcohol upon the quality and smoothness of 
the work. 

Eye MoveMents. 


The data for the eye movements are recorded in the tables in 0.001 
second. As in the typewriting experiments, the averages for the adductive 
(left) and the abductive (right) movements are given separately, since the 
two events are of different lengths and the effect of the alcohol is usually 
stronger upon one than upon the other. The technique used for this 
measurement was much the same as that employed by Dodge and Benedict, 
and as modified is described in brief on page 15. 


Appuctive Eyr Movements. 


The normal duration of the adductive horizontal eye movement is very 
uniformly 92 o. (See table 43.) The velocity becomes somewhat slower 
following the control solution and with the prolongation of the experimental 
period, averaging about 96. Following the alcohol dose, however, the 
movement is even slower than after the control dose, averaging about 102 c. 
All three series, water-alcohol, beer-alcohol, and grape-juice-alcohol of 1919, 
give clear-cut alcohol effects, with maxima appearing in the fourth or fifth 
period which amount to a reduction in speed of roughly 8 per cent. The 
average effects in the first three alcohol series in order are +6.2, +7.9, and 
+5.1 per cent for the 2 hours following ingestion of the alcohol. 
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The chart (fig. 14) shows the data for adductive eye movement in the 
fourth series, that with grape juice and alcohol in 1920, which are not in- 
cluded in the results for Mow given in Chapter VI. The curves marked 
control and alcohol give the averages for both the preliminary periods and 


TABLE 43.—Effect of dilute alcohol on the duration of eye movement (adductive). 


[Values given in 0.001 second.] 


Average velocity at successive half-hours. 


Series, type, and date ! : Average 
of experiments. Preliminary. | Following dose. after 
dose. 
5 6 
Water-alcohol series, 1919: o o o 
ControlziNoveao-we ses Of FO ae 96 
WUGRYS SfSinebs ori OG, APS ees 96 
INGVtel O Beto te eae O83) 4. Soe 97 
INOVan2 Littta cust 06: 2 de eee 95 
INOVc 22a ie tae Ue Pars, Sse 5 97 
AVOETABREBS oc Seren ere PRI a 96 
Differences. .... .<<.<- + 4.5) leeches + 4 
FAICONOLSINOVG, Okeaeeiccice 103). 9 ieee 102 
IN OVamad a ee cones 1049 {eee 100 
Nove LOM eee 10329} sce eee 2 102 
INOVis lid Paton see 108) ble ge ene 106 
INOVarlS eee 1107). Saeeee 106 
AVerages tee ac. notices 106; i ee 103 
Differences aanoteaaeres 4-13. Jn is ores +10 
Effect in’ differencess.). ....\|...06 «|e ween | = ah Slay Moree 2 + 6 
Effect in per cent........ oO [S44 Senin = anes + 6.2 
Beer-alcohol series, 1919: 
ControtssDees “4750 .oce 97 97 95 
1B Yeeehre Write 18, creeks 98 93 95 
DCC: arerene es 94 92 93 
i Bevo 18 Wa ay ie aa 94 99 97 
AVOLABCS date otic ae 96 95 95 
Diflerencesi acces eee + 4 + 3 = a) 
Alcohol: Dec. 3........ 103 100 101 
Dees Si eae 108 104 105 
DG Ohe OF sien are te. 103 103 103 
IDeGr USa nee or ome 99 101 101 
VA VGLS DORia ec ttta yatetce 103 102 102 
DufierenGes; «eosin +11 +10 +10 
Effect in differences......|...... [Sse | +7 +8 +7 +7 +7 
Effect in per cent........ (92)  +7.6) + 8.7) + 7.6] + 7.6] + 7.9 
Grape-juice-alcohol series, 1919: 
Controls Des sass 98 92 96 98 97 100 98 
Decrl Ge ee 91 89 93 95 97 96 95 
act 20) aku 92 92 4 97 98 101 95 98 
AVOTARESS) moomusnidmece 94 91 } 95 97 98 97 97 
Differencess.. .. «15.4 (92) } +3 +5 + 6 +5 +5 
Alcohols Dec 1, \o24. 92 94 100 103 103 102 102 
Dec LS ue. ceace 92 93 | 99 105 100 100 101 
DOG LT a mencr 91 92 | 103 104 102 102 103 
Dac LS ae eae 94 91 97 101 102 101 100 
AVOTAGOR ico eet cere 92 92 | 100 103 102 101 162 
DDifferenGeseery cn oe (92) | +8 +11 +10 +9 +10 
Effect in differences......|...... erates } +5 + 6 + 4 +4 + 5 
Effect in per cent........ (92) +5.4/ +65) + 4.3] + 4.3} +4 5.1 
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those following the respective doses. For the actual values, reference must 
be made to the extreme left-hand scale. It is clear that the nelociys is slower 
after the alcohol, the average effects upon the duration of the movement 
for the four periods after the dose being 6.3, 10.4, 5.2, and 5.2 per cent. 


g6 MGM._EYE MOVEMENTS, (LEFT) 


CC. 0 

rencodol jole| {1 qe |_| [PER MIN. 
CASAS SSRI 7 3 
02 45|_| I | @ Be 96 
9 
98 30 6 12 
16 
104 15 318 


ane on URINE PER MNT | 2! 
no 00 DECC CHEF EE tantres rer peor ener | eh 
o 60 30 00 35 65 95 125 155° 185 2%5) 1245 

Fic. 14——Effect of Alcohol on Velocity of Adductive Eye Movement at 30-minute 
Intervals After Ingestion Compared with Concentration of Alcohol in Urine. 
(Grape-juice-alcohol Series, 1920, Subject Mow.) 


The maximum appears in the fourth period. This corresponds to the 
interval when the alcohol was at its highest concentration in the urine as 
shown by the urine curve in figure 14. 

A chart for the corresponding results in the fifth or cider-alcohol series 
will be found in figure 15. The control and alcohol values in the two 
preliminary periods for each group of data are closely the same. Follow- 


mom, EYE MOVEMENTS, a Si 

PER CC. See MIN. 
OS re RO tet peta 3 
45 9 6 
104 9 
30 Scam 6 12 
S28 15 

110 ete 

Sueateer 


as1 | 
PEE iste tne! . 
Wem eet rr 


d oot | [ia so cep, 
60 30 00 35 65 95 125 155 185 215 245 
Fic. 15.—Effect of Alcohol on Velocity of Adductive Eye Movement at Intervals of 
30 Minutes After Ingestion Compared with Concentration of Alcohol in Urine. 
(Cider-alcohol Series, 1920, Subject Mow.) 


ing the control solution, the averages gradually decline, showing a slower 
velocity, but the two curves in the chart indicate a much more prominent 
decline following the alcohol dose. In the “effect” curve for this cider- 
alcohol series, the maximum occurs in the fifth period (10.2 per cent). 
This seems to be somewhat later than the maximal concentration in the 


urine. 
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The general finding is that all five series give concordant results for the 
alcohol effect upon the adductive eye movement (left). The average per- 
centage effect in each of the four periods following the alcohol in these five 
series are 5.7, 7.6, 7.4, and 5.3, respectively, with a total average lengthen- 


TaBLE 44.—Effect of dilute alcohol on the duration of eye movement (abductive). 


[Values given in 0.001 second.] 


Average velocity at successive half-hours. 


Series, type, and date 
of experiments. 


Preliminary. | 


Water-alcohol series, 1919: 
ControlINOVaonce oe eee P92" 1093), 02" See 
INOVi2 9 Sis torn. 5) storeexs = P8811) GOS: sale @euh ons ute 

NOV: 19) Strch ces | OD. le eOO Pir o4 sue Oo Mami Mime eerie 

Nov; 21.2 si; sca cec| (Se yl cotati Soo ol) 692) ae SO meee ee 

INOV.1 22) oh sacererst nays OL 92 PST rere 
ANGTAGOS So 55 5 e000 sara vets l= Bae ST ke 90 92 i ae OO a ene 
Differences. s,..0 sw ene ens es BS Oe aaa 
INoNelle INeKme Coooacnacse 95°29 | 292) MOF a ieee 
Novole?si oa 93. ar 93 5 is 20S eee 

INOver] Oem eee 193.5109) 09 Selo eee 

INOVieL Teteremeheccciiey 189 9 C95) o) SOT ae ieee 

INOV.CLS.. stsiacise + e958 ofr SS Ot Nee ware 
Aversiges iss aciys Sonics «| 282 Ula Bia t 293" 104 Sa Os melee 
Differences setae cntas +8 | 49° Sa 2 ce ene 
Effect in per cent.......... ; : ede Loe ne are 
Beer-alcohol series, 1919: 
Control sDecwr4 siecle ie 
IDE: LeicetsecoueL 

Meer LO. ies aes 

18 Yetta ib Pea Serco 
AVOTAROR: «bain cate cw se one 
Differences: . aos «weston 
ALCOHOL Decs. (See mete ees 
DOCS ie serene 

D6Cr27 0 satmsishios nt 

Dees V3 aes .c-amo ace 

AV OTARES oacioe sapacicthes aien 
Differences’ a sccacmece ee 
Effect in per cent.......... 
Grape-juice-alcohol series, 1919: 
Controls Dec. 62.25. .0.ses 
Docwl Ginter nce 

Deex20 cance eee 
AVOTaSOS hora enas Oe ne 
Diferenceson taiceiioc ones 
Alcohols 6cyeed. ce hereon 
Decstlo See cee ae 

1 LCYo Rey USES CS SER Bsc 

DecrlS.. cee ee 

AVOTA LES «care eneicietteers 
Differences. ..: «sc non ont 


erate veretevoteher ‘ : : +5.7 
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ing of the eye movement following the alcohol of 6.6 per cent (slower 
horizontal velocity). 


Aspuctivs Eye Movements. 

For subject Mow, the abductive movements are considerably quicker than 
the adductive movements, being normally 85 to 870, as compared with 
approximately 92 o for apparently the same amplitude. The data obtained 

o.mGm.__EYE MOVEMENTS, (RIGHT) 
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Fic. 16—HEffect of Alcohol on Velocity of Abductive Eye Movement at 30-minute 
Intervals After Ingestion Compared with Alcohol Concentration in Urine. (Grape- 
juice-alcohol Series, 1920, Subject Mow.) 


in the five alcohol series for the measurement of the abductive movement 
are shown in table 44 and figures 16 and 17, which are similar to those just 
discussed. The data are exceedingly regular. It may be noted that in 
every period following the control solution in all five series, the eye velocity 
(abductive) is slower than the rate in the corresponding preliminary aver- 
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Fic. 17.—Effect of Alcohol on Velocity of Abductive Eye Movement at 30-minute 
Intervals After Ingestion Compared with Alcohol Concentration in Urine. (Cider- 
alcohol Series, 1920, Subject Mow.) 


age. Following alcohol, however, the rate is still slower, so that every 
percentage for alcohol effect in the five series is plus in direction (slower 
movement). The effect as given in figure 16 for the fourth series appears 
a little irregular, in that it is at maximum in period 3, which is prior to 
the maximal concentration in the urine. The average increases for the 
five series are 4.7, 4.9, 6.3, 5.9, and 6.6 per cent, with a grand average 
increase in the time required for the movement during the 2-hour period 
following alcohol of 5.7 per cent. 


‘ 
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The clear-cut effect of ethyl alcohol on the velocity of the eye movement 
and the regularity with which this effect is produced following the ingestion 
of the beverage was pointed out in the publication of Dodge and Benedict. 
The data just reviewed stand as a striking confirmation of the soundness 
of their observation. The special contribution of our data in this case is 


TABLE 45.—Effect of dilute alcohol on eye-hand coordination with pursuit pendulum. 


Total catch at successive half-hours. 


Series, type, and date 


of experiments. Preliminary. Following dose. 
3 4 5 6 
Water-alcohol series, 1919: Cuts Cute C.. 6: 6.6. Ce 
ControlesNovesos eee err aie 1,142 } 1,120 1,145 1120 hee orc 
NOV. 18 Sees atecoaaraceee 1,170 | 1,152 1,191 LAASSe Bhar 
INOVe 19 ete c citer 1,190 | 1,184 1,200 15.1905 Toes seteot 
INOVe 2 Lerten Aye aie eee 1,190 | 1,178 1,140 151485 feos ee 
INGVWiele memoir isce nre 1,200 } 1,180 Lipa bes: 15192 > leer = 
"AVG AGEB ec Acie ici cukeccrsnecaeoe 1,178 | 1,162 1,174 P1677 fleece 
Differences; <. oes teers cae (1,170) + 4 = 3 7 A eee eae 
FA lcoholsNOVew GO. © ctestcrteres te 1787 f 21, 150 1,108 1,096 “lla. a ee 
INOVeatoeaie oe ant 1,156 | 1,166 1,122 1,066-_ i. Secs 
INOViLO Ss etenotoomen L725 25185 1,130 150967 (iA eas 
INOW 7 dere ora ees Lies L, Live 1,043 10659 Mice ee 
INGE Shree ee 11724415208 1,102 1 ASB: BAS seceekeee 
(AVCTAQES Mee memes ec ee 1,170 | 1,176 1,101 1,092. 4. 4c ae 
Differences .4:2 1.13.0 one ke Cet s) -—72 —S1 > fine ae 
Effect in differences..........J).....-- Wee oy —76 =—730 ao) eee 
Effect im pericent....0....:4.- (1,172) — 6.5 = 6:7 122 coer 
Beer-alcohol series, 1919: | 
Control? Derm t4 orci nie ere 1 252))| st 220 1.227 1,216 1,220 
Weer TOs ae eae rhs 1,190 | 1,208 1,209 1,191 1,205 
Decor 10 Stace 1,201 | 1,213 | 1,221 1,218 1,215 
BD Yvon GU Oe Ee eae 1,220 | 1,210 | 1,210 1,204 1212 
VAVOETARES ac betes miciwe aaa 1,206 | 1,213 | Toei 1,207 i,213 
Dierences=.e- een. ce Re (1, 209) +8 —2 +4 
Alcohols Dec, eSac< Judes fee 1,197 } 1,205 1,170 1,180 1,140 
DectcS Peat eee oe 1,213 | 1,214 5 De Ye 1,189 1,166 
Deca Ora sto 1,202 } 1,189 1,176 1,160 1,158 
Dec lose ren aie 1,172 | 1,188 } 1,180 1,200 1,160 
AVGrageg sath eek enon 1,196 | 1,199 | 1,174 1,170 1,156 
Differences sci tiie oa (1,197) —23 —27 —41 
Effect in differences..........|....+-- eels —31 —25 —45 
Hffectiim percents... «aco... (1, 203) — 2.6 — 2.1 — 3.7 
Grape-juice-alcohol series, 1919: | 
Controle Dech  einedeyeneon sik 1,195 | 1,217 | 1,205 1,205 1,204 
DecstlG sate eraser: 906 894 912 910 925 
Deer 20 tect ccm 945 940 | 896 894 920 
AVerages: cen cant olin ee: LOLS atoll 1,004 1,003 1,016 
Differences wan cen oe ee (1,016) —12 —13 +0 
Alcohol Déereln eee ee 1,203 | 1,188 1,140 1,118 1,135 
Dec. F152 :te ea ean 890 805 745 803 808 
Deel ann 890 965 896 874 931 
Déest Taare: Caner. 983 937 | 890 858 923 
AVeCYages sagen mee 991 974 | 918 913 949 
Difterencess ema wae (982) —64 —69 —33 
Hittect an differences sta. «sy |aeeen Licmicnr ete —52 —56 —33 
Eiffectiim per center . (999) — 5.2 — 5.6 — 3.3 


1 Beginning with December 15, Mow was always tested with cups having a diameter of 9.5 mm. at the opening. 
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that the typical effect, and one of about the usual magnitude found in 
Dodge and Benedict’s experiments with dose A, and in our own experiments 
with dose A in the alcohol typewriting series, appears here when the alcohol, 
27.5 grams, is so diluted as to form but 2.75 per cent of the solution. 
Moreover, the effect is sensibly of the same size, irrespective of the char- 
acter of the liquid with which the alcohol is diluted. 


Eyp-Hanp CoorDINATION WITH Pursuit PENDULUM. 


This series with the trained subject Mow was the first study in which 
the pursuit pendulum was used to test the motor coordination after alcohol. 
The technique is described on page 16. The values are given in terms of 
the total amount of water collected in the test in the 25 cups. If all the 
liquid were caught on each swing of the pendulum, it was theoretically 
possible to have a score of 1,250 c. c. It is seen from the values for periods 
1 and 2 of the water-alcohol series in table 45 that the usual normal score 
for this subject is about 1,170 c. ¢. of liquid for the 25 catches. In the first 
two series the cups were used with the full-sized opening of 19 mm. The 
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Fic. 18—Effect of Alcohol on Adequacy of Coordinations Measured with Pursuit 
Pendulum at 30-minute Intervals After Ingestion Compared with Alcohol! Con- 
centration in Urine. (Cider-alcohol Series, 1920, Subject Mow.) 


subject was catching so nearly the full amount that the test was not suffi- 
ciently difficult. Beginning with December 15, 1919, in the third series, a 
collar to reduce the opening at the mouth of the cup to a diameter of 9.5 
mm. was always inserted by the subject when each cup was used. This 
added but slightly to the routine and made it a more satisfactorily difficult 
test. 

The scores after the control solution was taken were but slightly above 
or below those for the preliminary period. After the alcohol, the scores 
were usually smaller than in the preliminary period. Thus, the alcohol 
effect for the three series shown in table 45 is always minus in direction, 
with average decreases of 5.9, 2.6, and 4.1 per cent in efficiency." The 


e Jn this latter series (grape-juice-alcohol of 1919) a complication arises from the fact that in 
one of the three contro! experiments, December 2, the wide-mouth cups were used and this 
was also the case in one of the four alcohol experiments, that of December 1. . If the alcohol 
effect be computed for only those days when the cups with the reduced opening were used, 
the percentage decreases for periods 3 to 6 are found to be —1.5, —5.5, —5.1, —2.8, which 
average —3.7. If the results are computed for the pair of days December 2 and December 
1, the average effect amounts to a decrease of 4.5 per cent after alcohol. 
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grape-juice-alcohol series of 1920 (see page 249) is exceptional in that not 
all of the percentage effects after the alcohol dose are minus in direction. 
The averages for the four periods are +1.8, —10.0, —8.6, and +1.3 per 
cent, with an average for the 2 hours of —3.9 per cent. The average is 


TaBLE 46.—Effect of dilute alcohol on variability in pursuit-pendulum test. 


Coefficient of variability at successive half-hours. 


Series, type, and date Average 
of experiments. Preliminary. Following dose. after 
dose. 
3 4 5 6 
Water-alcohol series, 1919: t. | pect. | p. ct. p. ch. p. ch. Dp: ci. p. ct. 

Control: Nov. 5....... .6 | 10.0 | 8.0 Wine i282) oe 16 
INGVemSacuree 4 8.8 4.2 3.6 ce 4a ear ee oe 4.0 
INO Wel Ok ren cases 6 2.9 6.2 4.1 32D 1K oe eee 4.6 
INOWEV2 Le ewer sal 4.2 | 3.6 7.6 820 lo ee ae 6.4 
INOWarce stern 9 5.6 2.9 2.9 3. Gi bios erate 3.1 

AVOYARCSatensaicec, esisiere s ais) 6.3 5.0 Sad 54:4 ee eee Sat 
Differences........... (5.4) = O84 j= 023. 1 = 00 ee — 0.2 

ING CONS INO (OS S.aapiac 6 See 11.6 eae 10 2 oe aerate 9.8 
INOVimese ani 8 6.0 6.9 Tit a 12°54 eee 10.4 
Infor, HO, 6 S.cous .0 4.2 | 8.1 8.7 1:Dalse eee 8.1 
Novara: BD, 4.7 6.9 10.8 OUST oe 9.0 
INOViG Siqaeetce 6 2.9 8.4 8.4 G25 see 7.8 

Averages..........%.: 6 4.3 8.4 9.4 Pe ae es 9.0 
Differences... ..-..:.- +3.4] + 4.4] + 4.2 ]........ + 4.0 
Effect in differences.....]...... scared i+ 3.8 |) 457 | + 4:2] + 4.2 
Effect in per cent....... (5.2) +73.1 |) +90.4 | +80.8 ]........ +81.4 
Beer-alcohol series, 1919: 

Control: Decs 4.5...4.2.- 2.2 2.0 4.6 2.0 4.4 2.9 3.5 
DI CCIEO seers 4.6 3.5 0.5 2.9 4.6 5.0 SL 
DecweOt semen 2.9 4.5 2.4 1.5 4.1 4.9 4.7 
Decowl le... 220 3.5 3.5 2.9 4.1 5.3 4.0 

LAV GLA TOS seein oes 2.9 3.4 220: 3.8 4.3 4.5 3.8 
Differences........... (3.2) — 0.6| +0.6/ + 1.1] + 1.3] + 0.6 

Alcohol! Dec. -3i....... 4.6 Dolet 6.8 7.0 3.6 5.7 5.8 
IDGO se S thers stale 4.1 4.1 | tier é 6.8 10.1 7.0 7.9 
Deca On tics 5.4 2.9 | 8.4 4.6 6.4 T20 6.7 
IDecteloertecee 6.4 6.8 | Tih 3.0 4.2 9.1 4.6 

INVOTA POS Nos sides Sak 4.0 | 6.3 5.4 6.1 7.3 6.3 
Differences.......<,>-- f +1.7] +0.8| +1.5] 4+2.7] 41.7 
Effect in differences.....|...... Leos e Bis +2.3/ +0.2| +0.4] +1.4] 41.1 
Effect in per cent....... +59.0 |} + 5.1] +10.2 | +35.9 | +27.6 
Grape-juice-alcohol series, 1919: 

@ontroleDecwseaeeeee 4.1 21 6.2 3.5 4.0 
Dec. 162. .....; 20.0 14.2 Seu 14.8 15.7 
Decss20 Ghani. 14.3 10.9 18.7 12.4 14.1 
AVOLagesc is ccesis cans | Pal2c8 9.1 12.9 10.2 11e3 
Differences........... + 0.4} = 3.3 |-+ 0.5} — 2.2 | —22 
“Alcohols: Dean aliens 5.1 6.5 Ke i<2 6.6 
Deceel basen ire 18.1 21.3 16.0 by fee 18.2 
Deowl7sneens 2108 14.2 16.6 14.2 16.7 
Deol Stinnre. 15.9 2ST 16.6 13.2 16.6 
AVOragesiie ans cent See 1529 14.2 13.0 14.5 
Differences........... ot 4.5: | -F. 5.0 [+ 3.5] 2.34 30s 
Effect in differences.. ..|......|....-- + 4.1) +83] + 3.0] + 4.5] 4 5.0 

Effect in per cent....... +35.3 | +71.5 | +25.8 | +38.8 | +42.9 


1 Beginning with December 15, Mow was tested with cups having a diameter of 9.5 mm. at the opening. 
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TABLE 46.—Effect of dilute alcohol on variability in pursutt-pendulum test—Continued. 


Coefficient of variability at successive half-hours. 


Series, type, and date 
of experiments. Preliminary. Following dose. 


Grape-juice-alcohol series, 1920:| p. ct. | p. ct. | p. ct. DP. Ch. p. ct. p. ct. 


@ontrole Deck 8s, oc. a2 POO 7 21.0 16.3 15.4 16.1 LGe2 
Decsellons.- es T3266 1228 11.4 11.8 16.4 20.1 14.9 
Averages ete cis leSehakl 8. is 1253) }01275 16.2 14.1 15.9 18.1 16.1 
Differences’... sek (13.4) +2.8/ + 0.7} + 2.5] + 4.7] + 2.7 
Alcohols Dee. 0.N5 A... IS ai VASE 15.9 14.7 17.9 18.5 16.8 
Dees lOPs: . IZ. 8.1 17.9 14.2 25.5 200i 19.4 20.0 
Averages Betera setae oso 13.8 | 15.8 154 20.1 19.3 19.0 18.4 
Iifferences*’.. .2. >.<. 5 (14.8) + 0.3} +5.3|/ + 4.5] + 4.2] + 3.6 
Effect in differences.....|...... As cee — 2.5] +46] +2.0] —0.5|]+0.9 
Effect in per cent....... (14.1) —17.7 | +32.6| +14.2 | — 3.5] + 6.4 
Cider-alcohol series, 1920: 

Control: Dee. 151 ...... 12.4 | 16.5 15.4 15.0 isl Ve 10.7 13.2 
Dean 1S oe 2 BE 3 9egn an je 4a 18.3 11.0 14.3 14.6 14.6 

Dees 2e se ssc T3256) 15.7 12.0 12.55 15.8 ial 13.4 

VAY OLA PERE ce ne. one 13.7 | 14.6 3 SI 12.8 13.9 12.8 13.7 
Differences........... (14.2) +1.0/ —1.4] — 0.3 — 1.4} — 0.5 
Alcohols ee4 13 <.. g sis: 1G 2 eles 1723, 18.8 19.6 MSS 18.3 
Dect 16?" se. ‘Resa | baal Wea 19.2 21.9 21.0 15.2 19.3 
Deaths 2.53 14.9) | 15.2 14.4 17.9 Wf ef 16.5 16.6 

Dee. 202 ..25:. 12.5) 13:52 16.0 18.2 23.6 16.4 18.5 

AV OIASCH eae cat otek 14.7 | 15.4 16.7 19.2 20.5 16.4 18.2 
Differences........... (1524) +1.6]/ + 4.1] +5.4]/ + 1.3] + 3.1 
Effect in differences.....]...... ere: +0.6/ 4+ 5.5} + 5.7} + 2.7) + 3.6 
Effect in per cent....... (14.7) + 4.1 |] +37.4 | +38.6 | +18.4 | +24.6 


1 Beginning with December 15, Mow was tested with cups having a diameter of 9.5 mm. at the opening. 


fairly near to that for the preceding series. This is to be accounted for by 
the stronger and maximal effect in period 4. The results for the cider- 
alcohol series are shown in diagrammatic form in figure 18. There was 
considerable discrepancy between the values for the second preliminary 
periods on the control and alcohol days, and the difference in level between 
the control and alcohol performance is not more conspicuous in period 3 
than in period 2, but in the remainder of the tests, that is, in periods 4, 5, 
and 6, the catch after alcohol was much below that after the control dose. 
The effect is a little more prominent in period 5 than in 4 and considerably 
stronger in both these than in 8 or 6. The average for the cider-alcohol 
series is a decreased ability of 7.6 per cent, which is the most marked effect 
shown in any average for this measurement in the five series. 

In the pursuit-pendulum test as given to Mow in these five series in 
which 30-minute periods were used, the individual catch was always meas- 
ured. We have taken advantage of this fact to compute the coefficient 
of variability; the data are presented for the 5 series in table 46. In this 
instance the coefficient of variability has been computed by first finding 
the standard deviation for the 25 catches, and then dividing this by the 
average catch for the period to obtain the percentage variation. In the 
first two series (water-alcohol and beer-alcohol), when the cups were used 
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with the full-sized opening and the subject was able to catch nearly all 
of the expelled liquid, the normal percentage variation is small, 1. e., from 
3 to 5 per cent. In the three later series, when the reducer was always 
used with the cups, so that the subject caught less liquid and was forced 
to coordinate with greater accuracy, the percentage variability is usually 
about 12 to 14 per cent. The variability is, for the most part, consistently 
in the direction of an increase after alcohol. This increase is particularly 
large in the first series (that with water and alcohol in 1919) in which the 
maximal variability which occurs in period 4 increases 90 per cent; the 
average increase in the three periods is 81 per cent. The beer and alcohol 
series shows some irregularity in that the percentage effects, while all plus, 
are relatively small in periods 4 and 5. The average for the four periods 
is +27.6 per cent. The grape-juice series of 1919 likewise shows a maxi- 
mum in the fourth period, in this case, 71.5 per cent. The average for the 
four periods is an increase in variability of 42.9 per cent.* The grape-juice- 
alcohol series of 1920, as was found with the results for the total catch, 
shows a fairly marked alcohol effect upon the variability in periods 4 and 
5, where the maximum alcohol effect usually occurs, but results in the 
opposite direction appear in periods 3 and 6. The maximal alcohol effect 
is in period 4, with an increase of 32.6 per cent. The average for the four 
periods following the dose is +6.4 per cent. In the cider-alcohol series the 
results are all plus, with about the same intensity in periods 4 and 5, that 
is, approximately 37 per cent, and a total average of about 25 per cent 
more variation. 

This neuro-muscular test which measures the coordination of eye and 
hand by the simple method of observing how much liquid a subject can 
catch from a swinging pendulum, has not previously been used in alcohol 
experimentation. We find that even when every advantage is allowed the 
subject by letting him give the signal for the pendulum to be released and 
thus set his own pace, the dilute alcohol measurably and uniformly affects 
his efficiency. The amount of liquid that he is able to catch is reduced on 
the average about 5 per cent during the 2 hours following the ingestion of 
27.5 grams of alcohol in a liter of solution, and the smoothness or regularity 
of coordination between successive trials is reduced somewhat more than 30 
per cent on the average. The alcohol effect in this case is therefore measur- 
able, and if the task were a factory process, it would probably be considered 
large enough to have practical importance in reference to the working effi- 
ciency of the subject. Further alcohol data for the pursuit pendulum will 
be presented in Chapter VI. 


ConTINUOUS COORDINATION WITH PURSUITMETER. 


The pursuitmeter, like the pursuit pendulum, was first used with Mow 
in this group of alcohol studies. A description of the apparatus and the 
method of use may be found on page 19. While the equipment may seem 
quite complex, it is the merit of the pursuitmeter that it provides fairly 
uncomplicated results. The time and error scores which are always concerned 


« When the computation of the alcohol effect is made solely from the data for the days when 
the narrow cup-opening was used, the percentages for periods 3 to 6 are +30, +61, +22, 
and +29, with an average increase in variability of 36 per cent. The average increase for 
the pair of experiments, December 1 and December 2, is 132 per cent. 
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in any measurement of coordination are, in this case, electrically integrated 
in what is believed to be a perfectly logical weighting of each. One has, 
therefore, at the end of the test, simply to read the revolutions on the two 
integrating meters and obtain the total of their scores. 


TaBLe 47.—Lffect of dilute alcohol on continuous coordination with pursuitmeter. 


(Unit of measurement, 0.01 revolution on meter dials.] 


Total score at successive half-hours. 


oe Preliminary. Following dose. 
3 4 5 
Water-alcohol series, 1919: 
ConteolsyNoVe 25s. cas... 460 436 450 477 
TRU ea ORS ea ee 407 370 386 381 
eS (oe Ne RR eee 365 357 335 399 
MOMs Oi. arama 426 378 362 382 
IN OVE ees craic bile. = ate 354 341 331 317 
PA VETA SERS te Ath). cs ain 402 376 373 391 
Poiiferences- ose ssc. cc 5c- (389) —16 + 2 
AICONOLSNOWE) Go a .-<.2% 54:6 436 424 449 467 
OVA Gn Sere eee 417 378 442 446 
INOW EL Ose tie -c ae aces 390 374 419 424 
PS Viel dieters acetoncvoke 398 387 428 445 
INOVs 1Sia0 axtick.ce> < 367 320 398 417 
PAVOTAGOS oe ee wien ois 402 377 427 440 
HOI PrenCese ts. seca ees (389) +38 +51 
Efiect i differences. ... 2.4. .|'-.. 0. tC eet +54 +49 
Effect in per cent........... (389) +13.9 | +12.6 
Beer-alcohol series, 1919: 
Contra. Dec, Ain. veces. 350 373 357 307 345 336 
DOcwwowe chs aete 366 375 329 373 331 348 
WGC LO Sere chraGiaw 319 307 330 301 301 304 
Broken be ae ee wee 315 325 331 323 333 327 
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The totals for the experimental periods in the first three series on Mow 
are given in table 47. In the water-alcohol series the average for the first 
column of scores from the normal data, and likewise the average for the first 
preliminary period of the alcohol days, is 402. The average for the second 
group of data preceding the control dose is 376, and for the second prelimi- 
nary period of the alcohol days is 377. Such identity is, of course, only 
accidental and can not be credited to the apparatus or to the technique. 
Even Mow, who, prior to these experiments, had received considerable prac- 
tice on the pursuitmeter, shows improvement after the experiments began 
and during the succeeding series. The total average for the preliminary 
periods in the water-alcohol series is 389, in the beer-alcohol series, 335, and 
in the grape-juice-alcohol series of 1919, 315. Control and alcohol days 
were so interspersed within each series that the practice factor, while prob- 
ably it exercises some influence on the results, does not seem to interfere 
with the comparison. Characteristically it is seen in these three series of 
experiments that the score following the control dose is smaller than in the 

PURSUITMETER 
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Fia. 19—Effect of Alcohol on Adequacy of Performance with Pursuitmeter at 
30-minute Intervals After Ingestion Compared with Alcohol Concentration in 
Urine. (Cider-alcohol Series, 1920, Subject Mow.) 


preliminary period, thus indicating an increase in efficiency. The only 
exception to this rule is in period 5 of the water-alcohol series, in which the 
average difference is +2. In contrast to the better score after the control 
solution, the scores are regularly poorer after the alcohol in all three series. 
The effect of the alcohol was least marked in the first series. The maximal 
effect here was a decreased efficiency of 13.9 per cent in the fourth period, 
that is, about 45 minutes after the alcohol was taken, and an average de- 
crease in efficiency of 11.9 per cent for the three periods following the 
alcohol dose. In the beer-alcohol series and the grape-juice-alcohol series 
of 1919, the maximum effect likewise appears in the fourth period, being 
27.2 per cent in the former and 23.8 per cent in the latter, and these series 
give averages of 22.3 and 16.3 per cent. 

In the grape-juice-alcohol series of 1920 for which the data are given in 
table 68, page 252, a slightly larger effect of the alcohol is found in period 5, 
being 23.7 per cent as against 22.4 per cent for period 4. All periods show 
decreased efficiency, with an average effect for the four of 19.1 per cent. 

The comparable data for the cider-alcohol series are published in graphic 
form in figure 19. The alcohol and control preliminary periods, both normal 
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performances, are closely the same, but following the doses, while the con- 
trol values hardly change their level, the alcohol performance deteriorates 
quite appreciably. The maximal effect, as in the fourth series, is in period 
5, and is 26.4 per cent as compared with 21.6 per cent in period 4. The 
average decrease in adequacy of coordination for this series is 18.4 per cent. 


A B C 
Following alcohol 


Aleohol dose 
Standerdtet [34 BB 


Fia. 20—Illustrative Graphic Tracings from Pursuitmeter. 
These tracings are approximately normal size. 


A, preliminary periods 1 and 2, previous to ingestion of alcohol. 

B, standardizing test of the apparatus made in the interval when the subject was drinking 
the dose. This curve indicates the nature of the changes induced solely by the disturber. This, 
in other words, is the pattern of task set the subject. 

C, Periods 3, 4, 5, and 6 following ingestion of alcohol. No. 4 shows most prominently the 
wider range (poorer compensation) following alcohol. 


In the description of the apparatus it is noted that the curve-drawing 
wattmeter produced a graphic record of the fluctuations between the two 
electric circuits. (See p. 23.) Graphic tracings were obtained in the 
measurements with the pursuitmeter for Mow as well as with the other 
subjects whose results are reported in Chapter VI. This was done simply 
as a matter of precaution, so that if a score were especially difficult to under- 
stand, the graphic record would serve as an added evidence of the situation. 
A series of such graphic records for one experimental day (December 9, 
1920) with Mow is reproduced in figure 20. The tracing in each case seems 
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to be made up of small horizontal movements that deviate closely around 
the hypothetical central line, which is usually covered by them. Between 
periods 2 and 8 the alcohol was taken and the instrument was standardized. 
In this interval the deflections were allowed to go entirely uncompensated, 
so that the nature of the deflections which the subject is regularly required 
to compensate can be seen in this tracing. In the four tracings which repre- 
sent periods 3, 4, 5, and 6, after the alcohol was taken, there is a somewhat 
wider scatter, particularly in period 4. This shows that the compensations. 
were less adequate. There are no radical prolonged departures from the 
zero-line shown by these tracings. At no time did this subject or any other 
subject whom we have used have such lapses of attention as seriously to 
interrupt the compensation. The graphic record would show exactly this 
feature by a large loop if the interruption continued very long. The paper 
was driven by clockwork at the rate of 1 inch per minute. 

In previous discussion it has been mentioned that the pursuit-pendulum 
test allows the subject to give the signal, thereby permitting him to set his 
own pace and to pull himself together for action at just the moment that 
this is needed. In contrast to this discontinuous test, the pursuitmeter re- 
quires a continuing uninterrupted performance, and every moment counts. 
The pace is made for the subject. It is always, of course, the same, and 
he is required, in these experiments, to work continuously for 5 minutes. 
Our dilute dosage of alcohol was found to reduce the efficiency on the pur- 
suit pendulum about 5 per cent. The percentage effect as shown by the 
alcohol with the pursuitmeter test is a decrease in efficiency of about 18 per 
cent as an average for the five series. Considering the nature of the test 
and its fundamental similarity to many industrial tasks, the alcohol effect 
is of such an amount as to be of practical significance. The pursuitmeter 
was used in the succeeding experiments, and further data are found in the 
second part of this chapter and also in Chapter VI. 


Eye REACTIONS.’ 


A brief description of the technique for this measure is given on page 13, 
with reference to more detailed description. The trained subject, Mow, had 
received considerable preliminary experience with the measurements of eye 
reactions. Notwithstanding this fact, the change due to practice may be 
clearly seen by comparison of the average value for the preliminary periods 
in the water-alcohol series, 164 o, with that for the succeeding beer-alcohol 
series, 152 o, and the grape-juice-alcohol series of 1919 or 145 c¢. The de- 
tailed results for these three series are given in table 48. The effect of the 
alcohol is in the direction of a slower reaction time, but the results are not 
uniform from series to series. In the water-alcohol series there is no well- 
defined maximum for the three periods, the average of which is +1.6 per 
cent. In the beer-alcohol series the maximal effect was in period 3, with 
an increase in reaction time of 11.8 per cent. There were smaller percent- 
ages in periods 4 and 5, and again a larger increase (8.6 per cent) in period 
6. The average for the four periods was a slower reaction of 8.2 per cent. 
In the third series (the grape-juice-alcohol series of 1919) the effect of 


« The turning of the eye to a new point of regard is often designated “fixation reflex”? in physio- 
logical literature. 
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alcohol is not so large as in the second series. The maximum of 9.0 per 
cent is found in period 4; the average for all of the periods after alcohol is 
+5.7 per cent. In the two charts, figures 21 and 22, which show the eye- 
reaction results for the grape-juice-alcohol series of 1920 and the cider- 
alcohol series of 1920, the average values for the control and alcohol curves 


TABLE 48.—Effect of dilute alcohol on speed of eye reaction to peripheral stimuli. 


Average reaction time at successive half-hours. 


Series, type, and date 
of experiments. 


Preliminary. Following dose. 


Water-alcohol series, 1919: 
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INO Vee a. Pech cis ons 181 158 Al OA babes| enaueetons 

INDVerLSor se oes oe 162 174 MSY Alesse te 4 chy 
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ID ITenen Ges coins) occ teterscons «1 +9 + 9 REA Men cton 
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Beer-alcohol series, 1919: 


Controle Dee BAe opaeccace hisvae' 147 152 162 

NB Voke Wa Re Aree oe 140 152 154 

BY ste a Uae natn oe 151 154 152 

i CCa lil Ae Apne eae 152 139 146 

FAM OPAPOB ES s som eon. csi pis © 147 149 153 

PD IFLONONIEOSs Oss corse s sicusi ores | — 4 — 2 +2 

PNICOHOLMHOEG Od. < 615 «+ cane 170 153 166 

dD SR Noe ae ie aie Sie 161 161 163 

DCC EO sheers weer 165 161 161 

IDCCrBl Seer, oxic im:.. 175 174 169 

PA VOTE PORE Necmaiine oome eee } 168 162 165 

MDIMETENCOS. ss ccs fleeces | +14 +8 +11 

Effect in differences.........|....--- lteteeecerarere +18 +10 +9 
}iffect in per cent, .....-....: +11.8| + 6.6] + 5.9 


Grape-juice-alcohol series, 1919: 


Controli Decay (2% 62 tien aces 163 160 168 
Deo 1 Oavacraanne st 150 149 156 

BYE AUS ory eine oienore 151 152 148 

FAVOTA ROS UIA. We cinta a satire «> ei55 154 157 
Differencesinn ciak scars «+ | + 7 + 6 +9 
PAL COWOL MCC sy lee ustetedern os exe 159 177 168 
Weer Giancccex css « 156 165 165 
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IBIbeisies mone son 160 156 164 

FAVELA ROS a .5.5 sire cisdesons atessie'® 159 162 162 
IDiferenCes.0 a. cue aisle ss 0 +16 +19 +19 
Effect in differences.........].-.---- lieieeciaie. +9 +13 +10 


Effect in per cent........... | +62} +9.0|] + 6.9 
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indicate much more irregularity than is usual with our other measurements. 
In general, the alcohol performance is below that indicated by the control 
data, except in period 4 in figure 21. 

The eye reaction as a measurement seems to give variable results in 
successive uses of it in alcohol experimentation. Dodge and Benedict * 
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Fig. 21—Effect of Aleohol on Speed sh a3 Fev to Peripheral Stimuli at 30-minute 
Intervals Following Ingestion Compared with Alcohol Concentration mm Urine. 
(Grape-juice-alcohol Series, 1920, Subject Mow.) 


found that the eye-reaction data presented unique difficulties from the 
standpoint of technique and explanation of results. The writer has seriously 
tried to improve the technique by providing a larger number of stimulus 
positions, so that subjects may not anticipate the direction or location of 
the stimulus from the preliminary fixation-mark. We have likewise used 


EYE REACTIONS 
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Fic. 22.—Effect of Alcohol on Speed of Eye Reaction to Peripheral Stimuli at 30-minute 
Intervals Following Ingestion Compared with Alcohol Concentration in Urine. 
(Cider-alcohol Series, 1920, Subject Mow.) 


a subject who was thought to be well practiced in the tests. Furthermore, 
it seems logical to assume that the eye reaction should be well practiced 
by the regular experiences of everyday life. With all these precautions, 
the eye-reaction results still show certain irregularities, but it seems clear 
that the typical alcohol effect is in the direction of a slower fixation re- 
sponse. Four out of the five series indicate a lengthening in reaction time 
as the average effect, and even the exceptional series (the grape-juice- 


* Dodge and Benedict, Carnegie Inst. Wash. Pub. No. 232, 1915, pp. 77 and 250. 
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alcohol, 1920) has 2 periods when the reaction time is longer after alcohol. 
Probably the minus results for periods 4 and 5 are due to the different 
levels for the preliminary values in the alcohol and control experiments 
in this series. The average alcohol effect for all five series is a slowing in 
the reaction time of 4.2 per cent. This is only a little less than the average 
effect of alcohol found with the pursuit-pendulum measurement which, 
from some points of view, was also a reaction test. The influence of 
alcohol in lengthening the reaction time of the eye to peripheral stimuli 
is in line with the alcohol effect on our other tests. The seeming con- 
tradictions which Dodge and Benedict* found between their eye-reaction 
data and other measures were quite certainly due to rapid changes in their 
reaction-time scores on account of pronounced learning by the subjects. 


Sensory THRESHOLDS. 


Each of the five series of measurements on Mow made use of one sensory- 
threshold test. In the water-alcohol series, the measurement was of visual 
acuity, but in the four following groups of experiments the sensitivity to 
electric shock was used. The technique for these threshold measure- 
ments is described on pages 14 and 15. 


Visuau Acuity. 


The results for the visual acuity of Mow are given in degree-seconds on 
20 
20 
signifies that the subject distinguishes the direction of line when the stroke 
width corresponds to 60 degree-seconds on his are of vision. The normal 
visual acuity of Mow, as found in the water-alcohol series and with the 
Ives-Cobb apparatus, was about one-half this amount. The average value 
for the preliminary determinations is 31.5 degree-seconds. Following the 
control solution, the visual acuity is poorer by a small amount, while the 
average readings after alcohol are, in general, smaller than the correspond- 
ing values after the control dose. The effect of alcohol on the visual 
acuity is therefore +0.9, —3.2, and —3.2 per cent for periods 3, 4, and 5, 
respectively, with an average of —1.8 per cent. It was necessary to take 
threshold readings for visual acuity in different axes to keep the subject 
in ignorance of the direction in which to expect lines. The measurement 
required a larger proportion of time in the period than seemed wise to 
devote to it, and hence in the succeeding three series the electrical threshold 
was substituted. 


the are of vision in table 49. The usual standard visual acuity of 


Sensitivity To ELectric SHock. 


The results in terms of volts’ for the electrical-threshold measurements 
in the beer-alcohol and grape-juice-alcohol 1919 series are also given in 
table 49, and those for the grape-juice-alcohol series of 1920 and the 
cider-alcohol series in figures 23 and 24, respectively. The general results 
in all four series for the electrical threshold are much like those found for 
visual acuity in the water-alcohol series in that the alcohol effect is uncer- 
tain in direction, but in terms of averages for the 2-hour interval following 


@ Dodge and Benedict, Carnegie Inst. Wash. Pub. No. 232, 1915, p. 90. 
> See description of method, p. 14. 
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alcohol tends to appear as a minus value, that is, an improved or lowered 
threshold. As appears in the effect curve given in figure 23 for the grape- 
juice series of 1920, the values for periods 3, 5, and 6 are plus. The 
average alcohol effect for the four periods after the dose is +2.6 per cent. 


TaBLE 49.—Effect of dilute alcohol on sensory thresholds. 


Sensitivity at successive half-hours. 


Series, type, and date 
of experiments. 


VISUAL ACUITY. 
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However, the extraordinary variation between the level of the aver- 
ages for control and for alcohol performance, as seen in figure 23, is 
such that no confidence may be placed in the contrasting levels following 
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Fic. 23.—Effect of Alcohol on Threshold for Electric Shock Measured at 30-minute 


Intervals Following Ingestion Compared with Alcohol Concentration in Urine. 
(Grape-juice-alcohol Series, 1920, Subject Mow.) 


This chart exhibits the striking peculiarity of great difference between the alcohol and control 
levels of measurement. 


dosage. The cider-alcohol set (see fig. 24) gives the clearest indication 
of any of the five series that the alcohol effect is in the direction of a 
lower or improved threshold; and four of the five series really point in 
this direction with the sensory-threshold measurements which we have 
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Fic. 24—Effect of Alcohol on Threshold for Electric Shock Measured at 30-minute 
Intervals Following Ingestion Compared with Alcohol Concentration in Urine. 
(Cider-alcohol Series, 1920, Subject Mow.) 


employed. Since these are the only psychological data which we have in 
which the alcohol effect appears to be opposed to the usual direction, 
these results have been carefully scrutinized. They apparently confirm 
some observations of Lange and Specht,’ who concluded that the sensory 
threshold for hearing was lowered after alcohol. 


° Lange and Specht, Zeitschr. f. Pathopsychologie, 1915, 3, p. 155. 
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We are not in position to discuss the mechanism by which the alcohol 
produces its change in any of our measurements. The present research 
concerns itself with the more preliminary problem of whether or not there 
is a change following alcohol taken in a moderate amount and in dilute 
solution and what the direction of this change appears characteristically 
to be. We must limit ourselves to the data which are at hand. From 
these it seems, although the evidence is by no means so clear and con- 
vincing as in most of our measurements, that the typical effect on the 
sensory threshold with this subject is to lower or improve it. We are bound 
to note that threshold observations require the subject to neglect distracting 
and disturbing stimuli and attend to the particular sensation which he 
is supposed to report when it becomes of sufficient intensity to be recognized. 
It seems to the writer quite possible that in such a case alcohol may assist 
in overcoming or minimizing distraction. This would narrow the field of 
attention and thus, on the average, lower the threshold observation. It 
is a matter of much regret that the thresholds taken in each period are 
not sufficient in number for a trustworthy statement to be made as to the 
percentage variability which would supply another means of measuring the 
alcohol effect on the sensory threshold. Our results for the sensory-electric 
threshold do not agree with the average finding of Dodge and Benedict,° 
who used the electrical threshold obtained by faradic stimulation. We 
have no satisfactory explanation of the discrepancy, which is all the more 
difficult to understand, because their positive results of a heightened 
threshold after alcohol are much larger than our negative results. 


JOHNSON’S SUBSTITUTION CopE TEsT. 


The Johnson code test, which was used as a measure of efficiency in 
this series of tests with Mow, has been described on page 26. The results in 
the first three alcohol series are given in table 50. In the water-alcohol 
series subject Mow found it possible in the preliminary period to translit- 
erate an average of about 27 letters per minute. In the second and third 
experimental series his ability progressively improved, increasing in the 
beer-alcohol series to an average preliminary normal performance of 33.3 
letters per minute, and in the grape-juice-alcohol series of 1919 to 34.5 
letters per minute. There was a tendency to a slight improvement through- 
out the experimental session, indicated by the fact that the differences 
following the control dose are slightly plus, notwithstanding that some 
fatigue must have gradually developed. Following the alcohol dose, they 
are always minus for the three series reported in this table. 

The alcohol effect in the first series shows its maximum of decrease in 
period 4 amounting to 8.8 per cent and a decrease in period 5 of 5.5 per 
cent, the average for the 3 periods in the water-alcohol series being a 
decrease in efficiency of 5.4 per cent. In the beer-alecohol series the 
maximum appears in the fifth period, with a decrease in efficiency of 13.5 
per cent. The average for the 4 periods was 8.0 per cent. The grape- 
juice-alcohol series of 1919 give equally large decrements in periods 3 and 
5, both of which are practically 11 per cent, while the result for the 
Se seen Seem ER 


* Dodge and Benedict, Carnegie Inst. Wash. Pub. No. 232, 1915, p. 145. 
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intervening period 4 is —9.0 per cent. The average for the 4 periods is 
a decreased efficiency of 9.4 per cent. In the grape-juice-alcohol series 
of 1920 (see table 69, p. 255) the averages were —7.3, —8.9, —9.2, and 


+2.9 per cent for the + periods in order, with an average decrement of 
5.6 per cent. 


TABLE 50.—Effect of dilute alcohol on performance of a substitution code test. 


Letters per minute at successive half-hours. 


Series, type, and date | Average 
of experiments. Preliminary. | Following dose. after 
dose. 
3 4 5 6 
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IN OVS. discs Sheets 26.1 | 25.6 | 24.6 24.4 230i | eee 24.2 
IOV Ole He oes 27.3 | 24.8 | 25.9 23.1 27-0 sli. aoe 25.3 
ING oe & ee 26.5 | 30.9 | 26.2 25.9 2823. Sores 27.0 
INOVE"US. 2 or cee cat Doe AGut et a0r |) 2623 2603s | neiertar 26.7 
AV EPAPOR Soe kote nis os 2650) F2i23 1 eotS 24.6 25% OF centr 25.2 
Se IE f — 1.7 | —2.4] = 1.4].......| —1.8 
BP Sr ratanl| Veale Wigee pbs Store — 0.5] —2.4}] —1.5].......] —1.5 
Effect in per cent.......... (27.3) fib Soll — 8.8) fs Oe Onlin ewer —-5.4 
Beer-alcohol series, 1919: 
Control Detss (4.5 e jac. bs Vides P| V RUT ee BG} 32.3 31.2 31.9 31.8 
DBO AD atest co caec 3429 |) 60-0) teedoc’ |) oc. SpadOl) Sige) Swad 
Peer LO as vee ake 33.7 | 33.7 80.9 SBin vi SB) SBEDG| Syste 
Deca 1 zacinasnes 32.6 | 31.6 | 34.9 33.7 37.5 34.1 35.1 
LAN OPA PRR eotete 9x Sacsca ofa, aieis = 33.4 | 32.8} 32.8 33.2 33.6 33.1 33.2 
Paorences...> ho cs ee ale oe (33.1) /} — 0.3} 40.1} + 0.5] +0.0].40.1 
Alcohols Dees Sescss aces: 32.3 | 34.1 30.3 31.6 2378 sleGnes0L0 
Dee; DSi SacGi.n0s ae e $4.1 | 33.3 | BRIBE 29.4 26.5 31.2 30.2 
Dear c0 sae teen 33.7 | 33.3] 29.4] 31.9 30.9} 30.3] 30.6 
eon) Sacre ..e. 34.5 | 32.6] 30.3 33.3 SI. Ghesoed ll ea2ee 
BES pcan ele, aes 6 3 | 30.9 31.6 29.5 31:7 30.9 
6) Sa Sage — Se en | — 2.6] —1.9] — 4.0] —1.8] —2.6 
rete — 2.3] —2.0}| —4.5]| -—1.8 | —2.7 
Effect in per cent.......... (33.3) — 6.9} —6.0| —13.5 | —5.4 |] —8.0 
Grape-juice-alcohol series, 1919: 
WontrolemD eG; oo <2 -aiaii aus ain 32.6 | 31.9 $2.3 30.6 32.6 30.6 31.5 
Deer 1 Gir, son Pare 34.9 | 35.7 35.7 | 34.5 30.0 | 6008s cone 
WGC 20s ohaceseve canes 34.9 | 33.4 34.5 37.5 35.7 34.1 35.5 
AVICTA RES. tacc-ccaraiers hice ar 34.1 | 33.6 | 34.2 34.2 34.7 33.2 34.1 
AD UFOTONCOR cine. sayeporesa Gacisnene (33.8) + 0.4] +0.4} + 0.9| —0.6] +0.3 
Alcohol: Dec; 71... ...--. 30.6 | 32.2] 28.8] 29.4 30.0 | 29.7] 29.5 
Decow1Gsccce eee. 34.1 | 36.1 S1e 3) im 3129 31.3 ONG || Sila 
Deca deer ieke 36.1 | 38.5] 34.1 34.9 322s hlee 33 eas as 
GCM LS ettek. neste 37.5 | 36.8} 33.0] 33.8 36.1 36.1 34.8 
MA VOYAGER reir c ctor eletovonede 34.6 | 35.9 31.8 | 32.5 3245) e320 Wee 3e.8 
Differences............-- (35.2) | — 3.4) —2.7] — 2.8) —2.9) —3.0 
Effect in differences........|.----- (eae — 3.8) —3.1] — 3.7} -—2.3 | —3.2 
Effect in per cent.......... (34.5) =12.0.) = 9.0) 10,7.) =6.7.), 9.4 
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The results for the code test when the alcohol was diluted with cider 
are given in graphic form in figure 25. The preliminary values for the 
alcohol and control days deviate widely, and the curves cross each other. 
Little change is apparent in the averages following the control dose, but 
after the alcohol the number of letters transliterated per minute falls off 
sharply, so that the alcohol values are considerably below those for the 
control series. ‘The maximum, —11.3 per cent, is in period 4 and corresponds 
closely with the appearance of maximum concentration of alcohol in the 
urine. All the periods for this series show percentage effects in the direction 
of decreased efficiency, the average for the series being —7.3 per cent. 


NO. 60 30 00 35 65 95 125 155 185 215 245 


Fic. 25.—Effect of Alcohol on Speed and Accuracy of Transliterating Code Material 
at 30-minute Intervals After Ingestion Compared with Alcohol Concentration in 
Urine. (Cider-alcohol Series, 1920, Subject Mow.) 


Of the 19 experimental periods following alcohol which are represented 
by these five series with Mow, there is only 1 period (period 6 in series 4) 
which shows a plus value. The characteristic effect for the 27.5 grams of 
alcohol taken in 1 liter of solution is thus to produce a decrease in the 
subject’s ability to transliterate letters. This decrease in efficiency tends 
to be most strongly marked in periods 4 and 5, corresponding to the early 
intervals when the alcohol has reached its highest concentration in the 
urine. The decrease amounts in these periods to about 9 per cent. The 
average for the 2 hours following the ingestion of alcohol is a decrease 
in ability of 7.1 per cent. Errors were not sufficiently numerous to be 
tabulated for the study of any alcohol effect upon their incidence. The code 
test was employed in the later experiments on Mow with 15-minute periods 
(see page 182) and in the series with the group of subjects described in 
Chapter VI, where further data are to be found. 


SuMMARY OF ReEsuLTS oF PsycHoLogicAL MEASUREMENTS IN 30-MINUTE 
PERIODS WITH DiLUuTE ALCOHOL. ; 


_ A review of the results of these five series of experiments on Mow, 
in which 30-minute periods were used and the alcohol was diluted with 
various substances, is provided in table 51.°. For each measurement used in 


« For notes on the subjective effects experienced in these experiments with dil 
the Appendix, page 284. : with dilute alcohol, see 
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TaBLE 51.—Summary for the percentage effect of dilute alcohol on various measurements used in 
five series of experiments on Mow, with statement of relative prominence of the average effects 
in the different series. 


Comparative alcohol effect in five series of experiments. 


Pe- Water- Beer- Grape-juice- | Grape-juice- Cider- Average 
Measurement. | riods alcohol, alcohol, alcohol, alcohol, alcohol, for five 
after}. 1919. 1919. 1919. 1920. 1920. series. 
dose. |_ eee =. SS SS eS ee ee eee 
ay ad . . 
Per g Per qa Per q Per a Per q 
cent (4 cent 4 cent. | cent fon] cent fon] 
talons oo). 3 +32.0 | 3| +45.8] 5] 435.0] 4] — 4.5] 1] 429.1] 2] +27.5 
4 +25.0 |} 2) +53.2 |] 5 | +35.6 | 3 | +23.3])1) 444.9] 4] +36.4 
5 +33.2 |} 5 | +25.1 |] 3 | +°7.6 | 1] +11.9 | 2| +27.0| 4] +21.0 
ote | octet, Se dae ee +10.0 | 2} +12.8/4] — 2.4/1] +10.8| 3] + 7.8 
Average...|..... +30.1 | 4] 433.5 {5 22. lela eee L +28.0 | 3 | +24.3 
Finger move- 3 —1.7)}5| —0.4|4]41:0}/1] +0.1/3) +0.38|2] —0.1 
ments. 4 — EO e— 28. eZ) fy Sale — 28 20h — OVS i 1 le 870 
5 — 2.6. \xo |o— 3.8 | 4) — 42.9) 1 | — 4.8 |.5 = 254 ) 2) —"3 1 
Ole s a. Aces — 3.2)}4) —2.3|3/+0.0/1] —0.8|]2) —1.6 
Average...|..... —w2. 8.) 99) 0— 2.5, | 4 |b — 22) 1-23) 8 — 20.5513 | — 078 el — 128 
Pursuit pendu- 3 — 475°) 5) = 2.1-) 2°) — 2.1 [2 + 1.8) 1) = 229054 |e=.2-0 
lum. 4 — 6.5|]3] — 2.6] 1 — 6.2|)}2] -—10.0} 4] —10.0]} 4] — 6.9 
5 = Gog) | oo] — oot | — 5.6|2] — 8.6|4],.-10.9]5| — 6.8 
Ci Jr | eg ora em (eto —S.% | Sie —vo.o | 2) \ = dad, | 1 == (626 |P4ale— noel 
Average...|..... —5.9|}4) —2.6|1]-— 4.1/3] —3.9|2} —7.6|5| — 4.8 
Pursuit pendu- 3 +73.1| 5] +59.0] 4] +35.3] 3] —17.7|} 1] + 4.1] 2] +80.8 
lum: Coeffi- oS +90.4/5] + 5.1]1] 4+71.5 | 4] +382.6 |) 2) +87.4| 3] +47.4 
cient of va- 5 +80.8 |} 5 |] 4+10.2] 1] +25.8] 3] +14.2} 2} +88.6] 4] +33.9 
riability. ISOM I reese ete | cars +35.9 |] 3] +388.8] 4] — 3.5] 1 +18.4 | 2] +22.4 
Averave sealers +81.4 {5 +27.6 | 3 +42.9; 4} + 6.4/1 | +24.6|] 2] +36.6 
Pursuitmeter...| 3 + 9.3 2) +9.5/]3)] 4+ 7.0]1] +16.4;}4)]4+ 9.5] 3] +10.3 
4 +13.9] 1] +27.2} 5) +23.8 | 4] +22.4] 3) +21.6) 2] +21.8 
5 +12.6} 1] +25.7) 4 | +19.1 |] 2] +23.7) 3 | +26.4] 5 | +21.5 
GP eereetere tess |l ora +26.6| 4] +15.2 |] 2] +13.8 |] 1 |] +16.2 |] 3 | +18.0 
AVOTAPC) clleck.s +11.9} 1] +22.3 | 5] +16.3 | 2] +19.1] 4| +18.4 | 3 | +17.6 
(ee ee ee -— ——} Taeaer | 
Eye move- 3 +3.3)/1)+7.6|5) + 5.4/2] +6.3/4/ + 6.1/3) +5. 
ments, left. 4 +54/1/]+8.7|4] + 6.6]2) +10.4)5;} + 7.1/3] + 7.6 
5 +9.8|/4| +7.6| 3) + 4.3/1] + 5.2] 2) +10.2) 5| + 7.4 
Gor nauseated ans +7.6|/4|+4.3/2] + 5.2/3] +4.1)1) + 5.3 
Average...|....- +e G.2ee2 teste 750 5 fe Soke iel | 6.8 /"3 |o-26.9. | 4) 26656 
_——S SS SO OSS ee OO = =— Foals gone | 
Eye move- 3 4305 | 1 |) + 6.8 | 4 6.7 | 3} + 9.0) 51 +°4.6 | 2-6. 
ae right. 4 See Oe ala eeee Ge 2. etae On) 4 er Gavel Sil nS «leg Omerat 5.7 
5 eg nA eb. Seo tet iO) Oued etd Dilele le- sO ase oulet Ono 
Ga vaweercnatecc oi [iete.3 43.5 [o2 | + oO.” | 2 - 354) 1-46 3 je 3 
Average...]..... RAN Teele 04 O20 ee Or Sule Salih on Oj Sait. ONS a\att > 7, 
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Tasty 51.—Summary for the percentage effect of dilute alcohol on various measurements used in 
five series of experiments on Mow, with statement of relative prominence of the average effects 
in the different series—Continued. 


Comparative alcohol effect in five series of experiments. 


Pe- Water- Beer- Grape-juice- | Grape-juice- Cider- Average 
Measurement. | riods alcohol, alcohol, alcohol, alcohol, alcohol, for five 
after 1919. 1919. 1919. 1920. 1920. series. 
j ad ag 4 Ad 
Per q Per a Per FI Per | Per | 
cent. | cent. | % cent. | cent. | cent. | 
Eye reactions. . +1.8])1] 411.8]}5] + 6.2] 4 3.6/2] +5.943 5. 
+0.6/2/)] + 6.6/4] + 9.0] 5 7.2144 + B23. )53 2: 
+2.4/2/+4+5.9}4]+6.9/ 5 183/02 Wa scp ie 
5 ax here) ieee +8.6]3] + 0.7 | 2 0.6] 1] +12.9 | 4 5. 
Average...|..... 4126 |e2 | -— 8.2) (254) eo tles 1.2/1] + 6.9] 4 4. 
Codem crea cre -— 1.8} 1 — 6.9} 3] —11.0| 5] —7.3|4]| — 5.2] 2 6. 
— 8.8|}2)] — 6.0} 1 — 9.0}4}] — 8.9} 3] -—11.3] 5 8. 
— 5.6} 1] —138.5 | 5] —10.7}4] —9.2]}3] — 7.6 | 2 9. 
ate cee reve | ane — 6.4)}3)] —6.7}4] +2.9/1 — 6.2|2 3. 
PAV Graven. aiciess — 5.4/1] —8.0}4]—94,5]—5.6]2] —7.3|3 fe 
Sensory thresh- 2+ 0.9/1 /3— 1.6] 3 |§— 2.0] 4 /§+ 0.6] 2 |3— 6.2] 5 
oldstane = B26. 2.4 102 — 2.8 )4]— L.2;2 — 1.8] 3 
== B24 Ve 6 dhe 0.8 eo) ie oe — 6.81] 5 
t Alb SAO eta = 6.8 147) + 1.8 24 - Wat ar 8b 
Average...]..... —-1.8)4]—-—1.7|/3] —0.6/2] + 2.6}1] —3.8]5 
Potalloneve Ori|h. Menace ses 20s ser te ae 37 theese ee 28 cone eee 
erage ranks. 
Ranicpy Go bal w.leganee lieu cnkenen 3h hoeeater 3 |e eee 2 sl eee A). See 4 


1 The characteristic alcohol effect is taken to be lowering of the threshold, therefore the largest percentage of lowering 
is ranked 5 and the least 1. 

2 Visual acuity threshold. 

3 Threshold of finger-tips for electric shock. 


testing this man the alcohol effect is given for every experimental period 
following the dose in the five series of experiments, water-alcohol, beer- 
alcohol, grape-juice-alcohol of 1919, grape-juice-alcohol of 1920, and cider- 
alcohol of 1920. At the right side of the table both the period and the 
general averages are given for all five series of experiments. Each value 
shown in this column is obtained from the horizontal line of figures at its 
left. The data for station area and for variation in amplitude of finger 
movement are not included in this table, as they are considered supplemen- 
tary to the discussions of the effect of alcohol on these two measurements. 

These percentage results need not be reviewed in detail. The effect of 
alcohol is most prominent in the station and pursuitmeter tests, as well 
as in the variability of the performance with the pursuit pendulum. For 
these three measures the average effects are, in order, 24.3, 17.6, and 36.6 
per cent, respectively. The effect on the two eye movements and on the 
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code test were next in order, with changes of 6.6, 5.7, and 7.1 per cent, 
respectively. The alcohol effect on the pursuit-pendulum performance was 
a reduced efficiency in coordination of —4.8 per cent and on the eye-reaction 
time a slower speed by +4.2 per cent. The speed of finger movement 
demonstrates the least average alcohol effect in the direction of decreased 
efficiency, being —1.8 per cent. We have seen, however, that the variations 
in the amplitude of the finger movement, which perhaps in this case 
can not be considered a measurement of efficiency, were large, being on 
the average about as great as the variability in the pursuit-pendulum per- 
formance after alcohol. The only measurement that showed any increase 
in ability, or what might be termed efficiency, following the alcohol was 
the sensory threshold, which involved visual acuity in the first series and 
sensitivity to electrical shock in the four other series. Of the 19 periods 
after alcohol, 7 give plus results (heightened threshold) and 12 are minus, a 
greater apparent sensitivity, with a general average for all series of —1.1 
per cent. In nearly all the measurements there are one or two exceptions 
to the general direction in the 19 periods. In the case of the pursuitmeter 
results and of both eye movements, however, all of the 19 periods in each 
case are plus in direction. The sensory threshold is the only measurement 
in which the plus and minus signs were so nearly of equal number. While 
the average alcohol effect represents a slight improvement in the threshold, 
it must be admitted that the effect is, in this case, the least in order of 
magnitude and, due to the fluctuating sign, the least convincing of any 
of the 10 measurements shown in the summary table. ; 

Each period average value in table 51 has been ranked in order from 
1 to 5, according to the amount of the alcohol effect, 1 indicating the 
smallest and 5 the largest effect. Thus, in the first horizontal line of the 
table, representing station in period 3, the series which shows the smallest 
effect is the grape-juice-alcohol series of 1920, with a percentage of —4.5. 
The next largest for this measurement and period is the cider-alcohol series 
(+29.1 per cent), which is ranked 2. The third is the water-alcohol series 
(+32.0 per cent), and the fourth the grape-juice-alcohol series of 1919, 
with a percentage effect of +35.0. The strongest effect was found in the 
beer-alcohol series, with a percentage of +45.8. Each period for every 
measurement has been ranked in a similar way. From the totals of the 
four ranks in each series, the general rank for each of the five series has 
been determined for each measurement. Since in the water-alcohol series 
there were but 3 periods after alcohol, the total of the three ranks was 
increased by one-third to make it comparable with those for the other ex- 
perimental series. For the station test as illustrated, the various series take 
the following rank from least to strongest effect: grape juice, 1920; grape 
juice, 1919; cider; water; and finally the strongest effect is found in the 
beer-alcohol series with this measurement. Having given such ranks for 
relative prominence of the alcohol effect in each measurement, these 
measurement ranks were totaled for each of the five series, as shown at 
the bottom of table 51, and on the basis of these totals the five series were 
given a total rank. Obviously, the series with the smallest total of ranks 
has, as a general rule, shown the smallest alcohol effect. The various 
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series in chronological order are given in the table from left to right, and 
are seen to give total ranks for alcohol effect of 3, 5, 2, 1, and 4.” 

From these five series of 30-minute experiments on one subject, we may 
therefore conclude: 

1. An amount of alcohol, 27.5 grams, taken in a total volume of 1 liter 
on a relatively empty stomach and consumed within 10 minutes, produces 
clearly measurable decrements in the motor efficiency of a man during a 
2-hour interval following ingestion. 

2. Irrespective of whether the alcohol is diluted with water, beer, grape 
juice, or cider, the results are in the same direction. Taken with the various 
dilutants, the alcohol effect is roughly of the same order of magnitude, but 
actually larger when beer and cider are ingested. 

3. In repeated series of experiments on the same individual, the alcohol 
effect does not regularly decrease in successive series of measurements. 
Such tolerance as may be developed in and through the experimentation 
does not suffice to abolish the measurable effect of the alcohol. 

4. The effect of alcohol in terms of per cent is not of equal size in all 
the measurements, but in general is from 2 to 30 per cent. It is character- 
istically in the direction of poorer efficiency in the various measurements. 
The effect tends to be most pronounced in coordinations which require the 
continuous action or activity of the subject being tested. 

5. In only one instance, sensory threshold, of the various tests employed 
have we discovered anything in the nature of an alcohol effect which is in 
the direction of an improved performance. But here the average effect 
is quite small and the signs indicating the direction of influence are about 
half plus and half minus, so the results are not so conclusive as our other 
findings. 

6. The influence of alcohol on the various measurements tends to reach its 
maximum 60 to 90 minutes after the completed ingestion of the dose. These 
preliminary data with Mow indicate that the intensity of the effect bears a 
close relationship to the appearance of the maximum concentration of 
alcohol in the urine. Of two series for which there are comparable data, 
the one which shows the highest maximal concentration of alcohol in the 
urine also shows the more marked general alcohol effect in terms of per 
cent. Fuller discussion of this relationship is reserved for Chapter VII, 


but the accumulating evidence from each series of experiments is briefly 
summarized. 


* In ranking the effect on the sensory threshold, a lower threshold was assumed as the character- 
istic alcohol effect and the ranks were assigned accordingly. Of the five alcohol series only 
the last two, those in 1920, can be compared on the basis of their average maximum con- 
centration of alcohol in the urine. A reinspection of figures 23 and 24, for example, will 
show the relation of these two series in this regard. The fourth series, that with grape 
juice and alcohol, 1920, shows a maximum in the curve of 0.43 mg. per cubic centimeter of 
urine, from which level the alcohol concentration slowly falls. The cider series, which 
is undoubtedly affected by the fact that two of the doses were somewhat larger than usual 
gives a maximal alcohol concentration in the urine of 0.51 mg. per cubic centimeter. This 
is a definitely higher concentration level than found in series 4. The intensity of the alco- 
hol effect, therefore, in the two instances agrees in direction with the difference of alcohol 
concentration in the body fluids. 
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VoLUME oF URINE AFTER INGESTION or DituTe ALCOHOL. 


In the foregoing discussion of five series of experiments on Mow, in 
which 27.5 grams of ethyl alcohol were given in a total volume of 1,000 
c. c. of liquid, the effects of the alcohol upon the results of various psycho- 
logical measurements have been considered. In addition to these measure- 


TABLE 52.—E ffect of dilute alcohol on total volume of urine excreted within 3 hours of ingestion. 


Volumes of urine at successive half-hours. 


Series, type, and date 


During! Total 
of experiments. 


next after 
lhour.| dose. 


Water-alcohol series, 1919: 


ICs 0) . Ce “Cs nce Cc. C. c. ¢. 
Son tml INO Vien) 5.055 ct<Geynils «:a)| taepacsea = 305 | 1,160 
Liye tee A ee 208 658 
INOW On eye a. xy 188 843 
INO Vs9e Mage ara ais ¢ 165 567 
INOVeI22 2 lihoes. << 108 818 
SAVOPAZOS.. mule... © oie oes 195 809 
Wns enencodaeracsch foes i alata: «ed | == 1408 Sees 
AICOROLENOVae Osh. e seers: «| eaecs «5 370 | 1,077 
IND Vee fro ek 343, 774 
WN OVEALO! oth cehetesss 487 | 1,099 
DOV Coie beta stars 404 | 1,075 
INOVael 82 restos. 212 937 
PRVBTA DOR Sgr ork. ete ats 363 993 
WT erenCess = sie. Secs « 1-3 1 S| Seine 
Effect in differences........ ee L7S| ero eren 
Effect in per cent? ........ =-2°00))|aaeeries 
Beer-alcohol series, 1919: 
@Wontrol:) Dec... 4s). .% 4052s 60 807 
Deere ec oc vtare 113 913 
DGG, 20. tae cox a 141 | 1,029 
Teton. 194 | 1,226 
PAV OPADORE arte a s.ceraarse 2 127 993 
POL GTOR COR. tty Woot oi araicys loafer mses Sem Pl lerecn as ee 
PRIGOMOMO CEs Bias sverc e830 63 | 1,100 
Dee-me Sienna. btons 170 797 
DECI ED eye ea he 172 | 1,088 
d Big IS Ta keer one 120 919 
PAV ORR RGR mayer etme areree.< 131 976 
Differences MA, weak. af “BS iets 
Effect in differences........ sD Ol eases 
Effect in per cent? ........ to 1G lace mone 
Grape.juice-alcohol series, 1919: 
@ontrols, Dees, | 2itg. ai stil: 92 842 
DSCs 91 Gi tegen: ays ave. s 133 623 
WCC 20 sees ore ernss 94 892 
TAVOLSROS: caetetitcectess +7 106 784 
IDifferencesiAe i vosysars sss +) 46) |Qeeeees 
Alcohols, Deeg, dis vcs tnsoicca nese 200 } 1,225 
Dee. Liss cpias sisn 375 | 1,433 
SO TTos UWE See aoa 140 872 
Deel S captrac.aess « 162 | 1,057 
IA OTA POS eresspnestatevsel es ss 219 | 1,146 
IDiflerencess joaitran 6 aao| center +146 |....... 
Biffect, ny diflerenCesis sic sicie's!| t= 2 arsenals os oe S100 syste cs os 
Efiocianpper Cent se mrecies |on ser all ut SY eae 


For explanation of reference marks, see footnotes on following page. 
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Tasie 52.—Effect of dilute alcohol on total volume of urine excreted within 3 hours of inges- 
tion—Continued. 


Volumes of urine at successive half-hours. 


Series, type, and date 
of experiments. 


Control Dec. = Sinosus eee rlis eestor 
Dees. Ll wari astwolle tte ot 

VAN GLAPOS a caus sucks nl heiaie ayevollane ower 
WDieTeNCeS cee eevee ose oe rereretere 
Aleohols#Dee:) Oee seewais. Rhee cies 


A VOLARCR CAPER Rinidcieicne el accaieats 

Pifferencesecrsw se mere sietee rene 
Pffect in ditterences. 2.1 e.- «|sesels clislaln cietee 
Eftectin pen cent> panies eel oer 
Cider-alcohol series, 1920: 

Control Deciwi5s tee ks| came are 

Deciel8s.c ee canl are ese 

MICOS Oo fete aaiate te erat eters rare 

AV OTALOR ceo weakness 

DiTOren cess wkaste ees cl are eseavou 

Alcohol Decml oaruaccs atea| cues Se 

Dec G.aeneree eel wee stis « 

Decel ieee ce oder ose 

Deo. 204eiSe ee sheers 6 

AVOTASCR i ars oos tere ol ce a eee 
IRererices ae eee eos cers 
Biflect iniditerences secre senate ssiilee eee 
Effect. in percents ac. «2/01 ces whoa eet 


1Taken at the very beginning of the first preliminary period; the time interval represented is not uniform. 
The other urine samples were taken at the end of their respective periods. The secretion time repre- 
sented by the samples passed at the end of period 3 was about 45 minutes. 

2 The percentage alcohol effect is based on the control averages for the respective periods in place of using the 
average for preliminary periods. 

2 The bladder was emptied at the beginning of preliminary period 1, but the sample was not saved or measured. 


ments, two series of supplementary observations were made upon the 
volume of urine and upon the metabolism. These should be reported be- 
fore the observations with 15-minute periods are considered. As described 
in the early part of this chapter, the subject urinated regularly on complet- 
ing each 30-minute period following the control dose, as well as at the end 
of the periods following the alcohol dose. The data regarding the volumes 
of urine excreted have been gathered together in table 52. Usually the 
urine was also collected at the end of the second preliminary period on 
each day. 

The volumes given for the first preliminary period in table 52 represent 
unequal secretion intervals and are only recorded to give a rough idea of 
the characteristic secretion-level that might apply to the particular day. 
The urine volume may be treated as any other measurement, except, of 
course, in this instance, since 1 liter of liquid was ingested between periods 
2 and 3, very naturally the urinary output in periods 3, 4, 5, and 6 will 
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tend to be much higher than in preliminary period 2. Consequently it 
seems illogical to base the percentage alcohol effect on the value shown in 
the preliminary period. We have therefore used the regular difference 
method of computing the alcohol effect, except that when the percentage 
was to be determined, the base taken was the average for the corresponding 
control periods instead of the average of the preliminary periods. 

The urinary volumes are not only recorded for periods 3, 4, 5, and 6 
following the ingestion of the dose, but also for an extra hour following 
period 6 or, in the case of the water-alcohol series of 1919, following 
period 5. Finally, in the column at the extreme right of the table is given 
the total volume of urine passed in the 3-hour interval following the inges- 
tion of the dose. It is easily observable from this column of the table that 
on most alcohol days the volume of urine passed exceeds that commonly 
passed after the ingestion of the control solution. After the alcohol the 
urinary volume frequently amounts to 1,000 c. c. or above, whereas when 
the liter of control solution has been taken it is more usually in the neighbor- 
hood of 850 or 900 c. c. There are several notes about urination after the 
ingestion of alcohol in the Appendix. (See pages 286 to 288.) 

In the water-alcohol series, all 3 periods gave small plus effects, with 
a larger volume in the hour following period 5, in which the increase in 
output was 90 per cent. In the beer-alcohol series we have the following 
percentage changes: +11, —1, —5, +21, +16. The two minus values, 
while not to be discounted, are nevertheless small as compared with the 
others. In the grape-juice-alcohol series of 1919, the effects are always 
in the direction of an increased output and range in order +89, +6, +18, 
+62, and +94 per cent. In the grape-juice series of 1920, the effect of 
alcohol upon the volume of urine is to increase it in all periods except 
in 5, in which there is an average decrease of 11 per cent. The change in 
the hour following period 6 is very large (+159 per cent); next in size 
is the value in period 3, +77 per cent. Finally, in the cider-alcohol series, 
all of the percentages represent increases, the largest of 98 per cent appear- 
ing in the 1-hour period 3 hours after the ingestion of the alcohol. In this 
series, also, the effect in period 5 is relatively slight. 

All of the urinary data taken together demonstrate that with Mow there 
is a positive diuretic effect of the dilute alcohol in the 3-hour period 
following its ingestion. The effect of alcohol on the volume of the urinary 
output is least prominent in periods 4 and 5, that is, 60 to 90 minutes 
after drinking, and is most prominent in the third hour. 


MEASUREMENTS OF METABOLISM AFTER INGESTION OF DituTE ALCOHOL. 


In the three series of experiments in 1919, the final period of the 
psychological observations was succeeded by 2 shorter periods in which 
only the metabolism was measured.* After this final period, i. e., the fifth 
period in the water-alcohol series, and the sixth period in the beer and grape- 
juice series, the subject always urinated and then reclined in a steamer chair. 
He appreciated the opportunity to rest quietly and was undisturbed for 


alcohol on metabolism, the results are considered to throw light on the topic and are con- 
firmed by considerable unpublished material in the Nutrition Laboratory. 
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a period of from 15 to 20 minutes. Then, while in the same reclining 
position, he was connected by the regular mouthpiece and noseclip arrange- 
ment with a Benedict portable respiration apparatus of the original type. 
Very brief mention of this apparatus is given on page 12, with reference 
to more detailed description in previous publications. After a period for 


TaBiLe 53.—Effect of dilute alcohol on oxygen consumption and pulse-rate 24% to 3 hours 
following ingestion. 


| | Period I. Period II. 
Series, type, and date of ie 
metabolism experiments. aa ee reba Palos ee aha Palos 
start.| min. —— start.| min. sas 
Water-alcohol series, 1919: p.m. | p.m. CAC: p.m. Cues 
Wontrola Nove 104s ee 1545™) 3550") 245 64 4510™| 246 69 
INGVA2L ease eaten 230 | 430 236 64 4 52 241 64 
INOVi8 22) wasps oz eke 1 30 | 3 28 244 68 3 52 245 70 
IAVGLALO sherk wast Cita ae lo eeacieeees 242 65 aloe 244 68 
AlcoholsmNOva diesen 2530 4540) 247 |........ 5500" 257 |...0..- 
INOV5 i Sadene tere cies 230 | 450 257 72 5 10 267 76 
INOVs 20 manu, ores 138 | 400 260 71 4 20 259 70 
PA VOTALE nove cose eis ates Cre ere mie ell eee oie 255 72 ee ace 261 73 
Effectun' differences... 5.2.1ace)|sss-en)-eeeee | -- 1S SY (eae +17 +5 
ect in pPorpCents om oer ate) ak leetoe oe tae *++,5.4-) +108 42 sees + 7.0!] +7.4 
Beer-alcohol series, 1919: 
Gontrols Decent 1515™| 348m! 235 70 4510™| 248 69 
Dee. gore te A 130 | 350 229 64 414 244 69 
DecwLO ee. steno 148 | 430 243 63 452 244 62 
DOG Il cyto erence 143 | 419 232 64 4 40 230 64 
AV OLAS cae ecesc ees ee eral eases 23> 65:7" TP eae 242 66 
INTO IWEO Beeococcoses 1551") 4530™| 249 69 4h52m| 249 67 
DGC s OF es nce 1 23 | 3:46 255 71 408 258 72 
Deowlsaee eee er 1:24") 427 242 66 448 240 67 
(AVGL AO wate ini Aoi hoe | ee el ee 249 69°. Fs 249 69 
Eiftect in) Gill erences eta aie ieaete | meester +14 tae ee ae +7 +3 
(Efieetumipericen tense fee | eee leno sO. 0 + <ct G. 2 oes + 2.9} +4.5 
Grape-juice-alcohol series, 1919: 
(Control ecw a ele ees 1555™| 4515™) 240 63 4537m| 242 67 
NO TYo ls a NG are Amore 130 | 417 242 64 4 38 247 63 
DeGe 20P creer ee oe 125 | 431 249 66 453 274 68 
AVOTAZO cea Rere once eee eee 244 64. ON ones 254 66 
IN sfoy oll IBY MANA G Ga aco ae Qhoom) 4b53m| 942 |........ 5515") 243 70 
WDOCA LO ease erate 115 | 412 254 67 435 253 68 
DGG LT oe tere 112 | 400 264 71 4 27 268 74 
Deo, 18 acu Sees 1 20.| 4 30 251 67 451 256 67 
AVOTA RO ccc clchencbucserscse tay sic | Cancer | eee 253 OG me lee 255 70 
Effectin differences s.mu aves |ieeece lees +9 Se 2 a Teen +1 4 
Eiffect:in per icent.ia.6 san atic eateries Stipe aed eee eee + 0.4} +6.1 


the establishment of normal breathing, the metabolism measurements were 
begun by the taking of three successive readings at expiration as usual. 
The pulse-rate was counted by means of a stethoscope during the metab- 
olism measurements. 

The data for the oxygen consumption and the available pulse-rates are 
given in table 53. The different experimental series and the various control 
and alcohol days on which metabolism measurements and pulse-counts 
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were made are listed, together with the time when the ingestion of the 
control or alcohol doses was completed and the time when the metabolism 
measurements began. A comparison of these times will show that the 
first oxygen measurement followed the ingestion of the dose within 2% 
to 3 hours. The metabolism period was about 15 minutes in length and 
was immediately succeeded by a second period of the same length. The 
two metabolism periods are indicated at the top of the table and must not be 
confused with the two preliminary periods of psychological measurements 
which always preceded the taking of the dose for the day. The oxygen 
consumption per minute given for each period is as usual the average of 
three computations.* These results, obtained with the same subject and 
within a period of about 30 days, appear to be comparable with one another. 

Following the control solution, the oxygen consumption per minute is 
usually about 244 c. c., which is the general average for all the control 
experiments. The average of all results following alcohol is 254 c. ¢. per 
minute. It is probably more accurate to observe the contrast within each 
experimental series. The control average has in each case been deducted 
from the alcohol average, and the difference has been converted into per 
cent by using as a base the control average. By this method of com- 
putation, the alcohol effect in the first series of experiments is an increase 
of 5.4 per cent in the oxygen consumption in period 1 and of 7.0 per cent 
in period 2. In the beer-alcohol series the effect is +6.0 per cent in 
period 1 and +2.9 per cent in period 2. In the grape-juice-alcohol series 
the alcohol effect is +38.7 per cent and +0.4 per cent for periods 1 and 2, 
respectively. Thus in each case where it is possible to compute an alcohol 
effect from the averages it is in the direction of an increased metabolism 
following the alcohol. 

The data on the pulse-rate per minute in every case substantiate the 
results obtained for the metabolism, though the percentage increases in 
pulse-rate are somewhat larger than the increases in oxygen consumption 
per minute. The average effect of alcohol upon the metabolism, as shown 
in the three experimental series and two periods of measurement, is +4.2 
per cent and a similar average for the change in pulse-rate per minute is 
+6.4 per cent. Whether one of these results is primary and the other 
secondary or dependent upon it, or whether both arise more or less in- 
dependently from the common cause resulting from the ingestion of the 
alcohol, it is not possible to decide. The results are in agreement with 
the metabolism figures cited from Dr. Carpenter’s data obtained when the 
alcohol was given by rectal injection. (See p. 121). A very definite alcohol 
effect in the direction of an increased pulse-rate was likewise found in the 
repose periods of the typewriting experiments. From such a clear change 
as was observed in that case, it is only natural to expect, in view of the 
pulse-metabolism relationship, a somewhat similar increase in the metab- 
olism. Hence there is no conflict in our data, and we in this case reach 
the important conclusion that alcohol given in so dilute a solution as 2.75 
per cent by weight produces at a period 3 hours after ingestion a definite 


« These three computations of the oxygen consumption are the results of three readings of the 
respiration apparatus which were made at the start and at the end of each metabolism 
experiment, 
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rise in the metabolism and in the pulse-rate. A part of the change in 
this direction is, of course, due to-the ingestion of the alcohol dose whose 
calorific intake is larger than that of the control dose by the amount of 
alcohol content. It is our opinion, however, that the increase in metabolism 
is larger than is to be credited to the simple calorific intake in these experi- 
ments with dilute alcohol. 


INFLUENCE OF DILUTE ALCOHOL MEASURED IN 15-MINUTE 
PERIODS UNDER VARYING CONDITIONS OF DOSAGE. 


In the experiments described in the preceding pages of this chapter it has 
been shown that our standard dose of dilute alcohol’ (27.5 grams taken in 
1 liter of fluid) produced a definitely measurable effect within the 2 hours 
following its ingestion, that these effects were present in repeated experi- 
ments, and also when the dose was diluted with different substances.” It 
seems clear from the results already discussed that the intensity of the 
alcohol effect is related to the height of alcohol concentration obtaining 
in the body fluids at the time, using the concentration in the urine as an 
index. It was from this vantage ground that further series of experiments 
with the trained subject Mow were planned. The objective was to supply, 
if possible, a more careful comparison of the intensity and time relations 
of the psychological effect with the concentration of alcohol in urine. 
Aside from this, it was desirable to study the effect for a longer interval 
following ingestion; also to observe if there were characteristic changes 
produced by taking a larger quantity of the beverage, and from preceding 
or succeeding the dosage by the ingestion of other fluids. 


CoNDITIONS OF EXPERIMENTS. 


The several series with 15-minute periods which are to be reported in 
this connection, all performed on Mow, are differentiated from the preced- 
ing five series with 30-minute periods by the following four conditions: 

1. Fewer psychological measurements were used, so that the duration of 
the experimental period could be reduced to 15 minutes in place of 30 
minutes and still, as before, usually include the collection of urine at the 
end of the period. 

2. The experimental session was prolonged to 4 hours; thus there were 
sixteen 15-minute periods. The first two were preliminary; following the 
dose there were fourteen periods during which the alcohol effect could be 
studied, these latter covering an interval of 314 hours. 

3. One set of control experiments on three days is used for comparison 
with ten different sets of alcohol experiments. In this way the calculated 
results from the different series of alcohol experiments are more directly 
comparable with one another. 

4, Varying experimental conditions which conceivably might change 
the alcohol concentration in the urine were used in the different series. 

If reference is made to table 37, page 130, which shows the chronological 
arrangement for these and the other experiments on Mow, it will be noted 
that the 15-minute experiments, Nos. 43 to 69, inclusive, were made with 
grape juice and alcohol, usually 27.5 grams of alcohol diluted in 300 c. c. 


For notes on subjective effects, see Appendix, pages 284 to 286. 
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of grape juice, and this further diluted with water to a total volume of 1,000 
c. c. This is the dose that was used in the former series 3 and 4 (grape- 
juice-alcohol 1919 and grape-juice-alcohol 1920), both with 30-minute 
periods. When a larger amount than 1 liter of this regular dilute alcohol 
solution was to be given, a second liter was prepared in the same way, 
so that the beverage actually taken was of the same dilution and com- 
position in every one of these experiments and may be accurately described 
as a solution containing 2.75 per cent of alcohol by weight. Grape juice 
was used for dilution because this combination is not unpleasant to take, 
and as the experimental days were nearly consecutive, it was necessary 
to provide some dilutant which would not cause nausea or be particularly 
difficult to drink. A second and very practical advantage is that the 
unsweetened bottled grape juice uniformly had a very low alcoholic content 
that could be disregarded. Under the foregoing conditions, the factors of 
dilution, substance, and content of the dosage do not appear as difficulties 
in the comparison between various series. 

In all of the eleven experimental series, excepting one when the subject was 
in a post-absorptive condition, Mow ate a hearty breakfast in the morning 
at 7 to 7.30 o’clock, employed the forenoon in laboratory work of various 
kinds, and 2 hours before taking the alcohol or control solution ate a light 
lunch consisting of about 200 calories of carbohydrate, i. e., crackers and 
fruit conserve. Usually, unless the experimental conditions required it, 
as later explained, the subject drank no water with his light lunch or during 
the latter part of the morning. Liquids were taken with the breakfast 
and with the evening meal. There are no special subjective conditions 
which appear worthy of report from the standpoint of their probable modify- 
ing influence on the results of any particular series.* 

It will be convenient to designate the eleven series by letter. The varying 
experimental conditions are explained in the notes accompanying the chrono- 
logical table, but those which characterize the different series may be sum- 
marized here and the identity established by giving the numbers of the 
experiments used in table 37. 


. Standard conditions, with 15-minute periods, continuing 4 hours, uncomplicated. 
Nos. 43 and 58. 
. Strictly post-absorptive condition. Morning experiment, 8 a. m. to 12 p. m. 
Nos. 52 and 54. 
. Divided dose, taken in three equal portions, separated by 30-minute intervals; 
therefore, 333 c. c. at beginning of periods 3, 5, and 7. Nos. 59 and 61. 
. Additional 500 ¢. c. dose in ten 50 c. ce. portions taken at the beginning of 
each period from periods 7 to 16, inclusive. No. 63. 
. Additional 900 ¢. c. dose taken in nine 100 ¢. ¢. portions, from periods 8 to 16, 
inclusive. Nos. 60 and 62. 
. Double dose; 2,000 c. c. taken within 20 minutes. No. 44. 
. Standard alcohol dose preceded by 500 c. c. of water taken 1 hour before. 
Nos. 47 and 49. 
. Standard alcohol dose preceded by 500 ec. c. of whole milk taken 1 hour before. 
Nos. 48 and 50. 
I. Standard alcohol dose followed by 500 c. c¢. of water 1 hour after. Nos. 45 
and 51. 


« See notes in reference to Experiment No. 60 as a possible exception in Appendix, page 287. 
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J. Standard alcohol dose followed by 500 c. c. whole milk 1 hour after. Nos. 46 
and 53. 

K. Physical work on bicycle ergometer in alternate periods, Nos. 3, 5, 7, 9, 11, 
13, and 15, after standard alcohol dose. Nos. 64 and 65. 


For comparison with series K, there were two control experiments, Nos. 
66 and 67, in which also the subject did external work on the bicycle ergom- 
eter at a rate of 1.3 large calories per minute.” The working periods were 
alternated with periods of psychological tests, except that both of the two 
preliminary periods consisted of psychological tests. Following the inges- 
tion of the solution, periods 3, 5, 7, 9, 11, 13, and 15 were used for the 
physical work. The period of work in each case was 12 minutes, thus 
allowing enough time for the collection of the urine sample at the end. The 
three control experiments which are used for comparison with the other 
series, A to J, inclusive, were made near the center of the group of experi- 
ments and were performed on nearly consecutive days, i. e., February 9, 10, 
and 14; they are numbered in table 37 as 55, 56, and 57. In these 
control experiments, as in those for series K, the dose was 300 c. c. of grape 
juice diluted to a total volume of 1,000 c. c. 

The schedule of measurements during the 15-minute experimental period 
regularly used throughout series A to K, inclusive, was as follows, including 
the time requirement for each: 


. Finger-movement speed for 10 seconds. One record made. 1 minute. 
. Code test. 50 letters transliterated. 2 minutes. 

. Pursuitmeter measurement. A 5-minute continuous test. 6 minutes. 

. Eye-movement velocity, 2 records. 2 minutes. 

. Station. Standing motionless for 2 minutes. 3 minutes. 

. Urine sample taken. Flask stoppered and marked. 1 minute. 


oor WN eR 


Occasionally it was not possible to void urine at the end of the 15-minute 
period, but this happened only four or five times in the whole group of 
experiments. The urine was passed directly into graduated glass-stoppered 
flasks, the time was carefully marked on the flask immediately following 
collection, and the samples were kept in a refrigerator and usually analyzed 
within 24 hours. The analysis was made by the Widmark-Nicloux method 
and always in duplicate.’ If duplicates did not agree closely, a third 
analysis was made. The value plotted for any period is usually the 
average of two closely agreeing determinations for the period. If there 
were two alcohol days in the series, as, for example, in series A, the results 
for corresponding times following the ingestion of alcohol were averaged 
and it is this series of averages for the 14 or more samples following alcohol 
that has been plotted as the alcohol-urine curve. The value is always 
plotted midway of the collection period represented. 


6 Experiment No. 68 was with alcohol and physical work, but since four blood samples were taken 
during its progress, it was not included in series K. Nos. 68, 69, and 70 were made for the 
purpose of examining the relationship between the alcohol concentrations in blood and urine 
These concentration results have been reported; see Journ. Pharm. and Exp. Therapeutics, 
1922, 20, p. 277, figs 2, 3, and 4. This concentration relationship will be considered in the 
fore part of Chapter VI. 

» For a discussion of this method of analysis, see Chapter VI, page 210. 
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MetHop or PRESENTING RESULTS. 


The data for these eleven series of experiments would amount in total 
to a large mass of tabular matter. The writer has therefore chosen to 
give the results in the form of condensed charts. For each series there 
is one figure which is really made up of six individual charts, i. e., those 
for station, pursuitmeter, eye movements (left and right), finger move- 
ments, and code test, respectively. The six small charts within one figure 
show the same alcohol-urine curve (designated “urine”’) and urine per 
minute curve. The three other curves marked “control,” “alcohol,” and 
“effect” are the varying features from chart to chart. The per cent scale 
at the extreme right of each chart applies to the “effect” curve, while the 
scale at the extreme left of the chart applies to “control” and “alcohol” 
curves and is in terms of the unit which has been used for the particular 
measurement illustrated as previously described in this chapter. The scale 
for the concentration of alcohol in urine is at the left in “mgm. per ec. ¢.,” and 
that for urine per minute is at the right in “c. c. per min.” The values 
in the alcohol and control curves are plotted at the position which they 
represent in time in the experimental period. These periods are not num- 
bered, but are indicated by the successive vertical ordinates in the chart, 
and the time following the ingestion of alcohol is indicated in minutes on 
the abscissa. The two zeros on the abscissa indicate the interval for the 
regular alcohol ingestion. The “minutes after ingestion” are counted 
from the right-hand zero, or the time when ingestion was completed, follow- 
ing which there was a 5-minute rest before tests were begun. The results 
for the eleven series employing 15-minute periods will be presented briefly 
and in the order outlined on page 181. 


STANDARD AND Post-ABSORPTIVE EXPERIMENTS. 


Series A—lIn series A the conditions for the five earlier series in this 
chapter were used, with the exception that individual periods were 15 
minutes in length and the experimental session lasted 4 hours. As shown 
in the various charts in figure 26, the maximal alcohol concentration in 
the urine is reached between 55 and 60 minutes after the completed 
ingestion of the dose and amounts to 0.45 mg. per cubic centimeter. From 
this value and after this time the concentration gradually declines. There 
is a prominent alcohol effect in station amounting to a decreased ability 
of about 39 per cent maximum which occurs 65 minutes after ingestion. 
From 125 to 215 minutes station is steadier than normal, i. e., there was 
a minus effect. The pursuitmeter also gives a minus effect at this time, but 
earlier shows the influence of the alcohol by poorer scores. The maximum 
is not prominent. The eye movements (left) show decreased velocity 
throughout, the maximal change, 15 per cent, occurring 60 minutes after in- 
gestion. The eye movements (right) show a less percentage of change 
than those to the left, but always a slower velocity after alcohol, the 
maximal change being 12 per cent 75 minutes after ingestion. Finger 
movements are slower by about 3 per cent, with no well-marked maximum. 
The effect on the code test was a decrease in rate of transliteration of about 
11 per cent 25 minutes after ingestion and an average decrease larger 
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than 5 per cent until 185 minutes, but the curves appear erratic. In two 
charts, those for station and eye movement (left) ,* the prominent maximal 
effects are practically synchronous with the maximal alcohol-urine con- 
centration, while with the pursuitmeter and code the maxima come a little 
earlier, and with eye movements (right) and finger movements they come 
a little later than in the urine curves. 

Series B—The post-absorptive condition was the distinguishing feature 
of series B, the results of which are given in figure 27. The alcohol-urine 
curve is similar to the one in the preceding figure, reaching the same 
maximum, 0.45 mg. per cubic centimeter, but at a later time, i. e., 70 to 75 
minutes, instead of 55 to 60 minutes as in series A. There is no apparent 
plateau, since the alcohol concentration begins to decrease immediately 
after reaching its maximum, although not so rapidly as in series A. The 
station test shows poorer efficiency by a maximum of about 25 per cent, 
which occurs at 65 minutes. In the latter part of the curve the effect is 
erratic and-in three instances the values have the minus sign. In the 
pursuitmeter results the scores are larger after the alcohol, except at the 
last of the experiment. The decrease in ability produced by the alcohol 
is 32 per cent at 30 minutes. From this point there was rapid recovery 
and then progressive decline to 28 per cent at 105 minutes after ingestion. 
The alcohol curve for eye movements (left) shows a particularly erratic 
value at 75 minutes. All the periods indicate slower velocity, with an 
effect of 10 per cent at 30 minutes. There was a less positive change in eye 
movements (right). Some of the periods in the latter part of the experi- 
ment show larger than 3 per cent, but the amount is variable. The finger 
movements change but little until 110 minutes after ingestion of the dose, 
when they are characteristically about 2 per cent slower. In the code test 
the maximal effect of about 12 per cent at 83 minutes after the ingestion 
of the dose closely follows the maximal concentration in the urine, but 
there was nearly as large an effect in the first period, 20 minutes after 
ingestion. 

For the post-absorptive series (B) as a whole, the effect curves which 
have been found by the difference method appear somewhat fluctuating, 
although in nearly all cases indicating decreased efficiency. Station, pur- 
suitmeter, adductive eye movements, and code test all show early pro- 
nounced effects preceding or about coincident with the maximal alcohol 
concentration in the urine. The prompt downward tendency of the alcohol 
curves in the first 30 minutes after ingestion while the concentration is 
rapidly rising is characteristic of these results and is also found in the 
preceding figure. In general, the effect is larger in the first hour following 
ingestion with series A, in which the alcohol was taken in the afternoon 
2 hours after a light lunch than it is for series B with the subject in a post- 
absorptive condition. After the first hour the effect is somewhat larger 
in series B and more consistently in one direction. The alcohol concentra- 
tion in the urine is also higher during the last two hours in series B than 
in series A. 


VARIATIONS IN PeRtIoD OF INGESTION AND IN QUANTITY TAKEN. 


Series C.—For series C, the regular 1-liter dose was divided into three 
equal portions; one-third was taken at the usual time for ingesting the 


@ Left and right in referring to eye movements mean, respectively, adductive and abductive. 
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dose, the second was taken 35 minutes later, and the last third at 65 
minutes. From figure 28 it will be seen that the maximal concentration 
did not occur until 115 minutes after the ingestion of the first third and the 
concentration was 0.43 mg. per cubic centimeter. The rate of increase in 
the alcohol concentration in the urine was but slightly more rapid than 
the rate of decrease, while in the two preceding figures there has been con- 
siderable difference. The block curve for urine per minute is changed in 
character in this series, showing, if not a double top, certainly a widened 
area where the diuresis was fairly large. The general alcohol effect is not 
so strong as in the two former series, e. g., in station the maximal effect 
(decreased ability) is only 12 per cent as compared with 39 and 25 per 
cent for series A and B. The pursuitmeter, eye movements (right), eye 
movements (left), and code test all show their maximal alcohol effects 
relatively late in the experiment, just as the peak of the urine-alcohol curve 
came later than in the former series. The finger movements exhibit quite 
a regular change, gradually increasing, but with no prominent maximal 
effect. As a result of the division of the dose and the extension of the 
ingestion period another hour, the intensity of the alcohol effect has been 
reduced and delayed, the rate of increase of alcohol concentration in the 
urine is considerably decreased, and the maximum is slightly decreased 
and reached at a later time. 

Series D.—In series D, the regular 1-liter dose containing 2.75 per cent 
of alcohol was taken as usual, and, in addition, an extra half-liter of this 
alcohol solution was ingested in ten 50 c¢. c. portions. One such portion 
was taken at the beginning of each period from 7 to 16, inclusive, just 
previous to the finger-movement test. No time allowance had to be made 
for the ingestion of these 50 c. c. doses. The results of this series are 
shown in figure 29 and represent data obtained on but one day. It is 
apparently an idiosyncrasy of these results that the maximal concentra- 
tion of alcohol in the urine, which occurs about 60 minutes following the 
ingestion is 0.36 mg. instead of the 0.45 mg. which appears in the former 
series. Period 7, which commenced 65 minutes after the ingestion of the 
standard dose, marks the time when the taking of the extra half-liter 
began. It is observable that there is no fall in the urine-alcohol curve, 
which, on the contrary, tends to rise until the sixteenth period. A urine 
sample collected somewhat after the psychological measurements of period 
16 were completed shows a slight fall from the maximal concentration of 
0.50 mg. which was obtained in that period. 

The alcohol effect continues prominent in the station test up to 125 
minutes after ingestion and then changes promptly to the opposite sign. 
With the pursuitmeter there is a maximal effect in the ninth period which 
amounts to about 49 per cent. The effect curve in this case appears fairly 
regular, first gradually reaching its maximum and then retreating in general 
from it. This is unusual, as most effect curves in these series exhibit more 
than one prominently low point. The curve for eye movements (right) 
shows somewhat similar results to those for the pursuitmeter, the greatest 
effect being in the ninth period. The alcohol effect on the eye movements 
(left) is fairly large but of varying amount, with a maximum in the seventh 
period of 17 per cent slower movement. The finger movements give the 
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usual results. They are all minus, with an average of about 3 per cent. 
Actually the alcohol curve for number of finger movements executed is 
slightly above that of the control curve. The difference between the 
preliminary level and the alcohol level is characteristic of the alcohol in- 
fluence in this instance. The results for the code test likewise indicate 
a definite fall in the performance from the preliminary to the alcohol level, 
and therefore indicate decreased efficiency. 

The ingestion of an additional half-liter of the regular alcohol solution 
over a period of 214 hours has resulted in an alcohol-urine curve which has 
no well-marked maximum, but continues to rise gradually between 40 and 
215 minutes after the first ingestion. Under these circumstances, the alco- 
hol effect is still strongest in the early part of the experiment and just fol- 
lowing the time when the urine concentration first reached the level from 
which it later slowly changes. The alcohol effect for this series is, in general, 
of about the same magnitude as that found in series B; the average effect 
in the first hour of series D agrees fairly well with the results shown in 
both series A and B. 

Series H.—The conditions for series E were like those of the preceding 
series, except that the additional amount taken of the alcohol solution was 
still larger, 900 c. c. in 100 c. c. doses at the start of periods 8 to 16, in- 
clusive. Figure 30, which graphically shows the results of this series, in- 
dicates a higher initial rise in the alcohol concentration in the urine than 
has been found in any of the preceding charts. As in series A, the curve 
rises abruptly but reaches a height of 0.04 mg. above that attained in the 
earlier series, the concentration 1 hour after ingestion being 0.49 mg. per 
cubic centimeter. The alcohol concentration begins to fall before the addi- 
tional doses were started at 80 minutes, but is about stationary at 0.45 mg. 
per cubic centimeter between 95 and 125 minutes after ingestion. Then it 
rises to a new high point of 0.62 mg. per cubic centimeter in the fourteenth 
period and finally reaches 0.67 mg. per cubic centimeter at the end of the 
sixteenth period, i. e., at 215 minutes after ingestion. The 50 c. c. portions 
taken in addition to the regular dose in series D were slightly more than 
enough to keep the alcohol-urine curve level and the 100 c¢. ¢. portions in 
series E cause a prominent rise as the experiment progresses.* 

The alcohol effect in series E is prominent in the station test, amounting 
to 33 per cent at 65 minutes, thus corresponding with the initial high point 
in the urine curve. The effect is not constant, becoming definitely less even 
to the point of disappearance, with —1.6 per cent in the ninth period. Con- 
trary to what has been found in series A to D, near the end of the experi- 
ment, the alcohol effect on station was again prominent, with values of 35, 
20, and 17 per cent for periods 14, 15, and 16, respectively. Similar results 
appear in the pursuitmeter data, with a large alcohol effect throughout, 
especially in periods 7, 9, and 15, with percentages of 45, 55, and 45. Both 
eye-movement charts show a prominent alcohol effect in the direction of 
decreased velocity, which in both cases seems to increase progressively with 
the increase in the alcohol concentration in the urine. The finger-move- 


eS eee 

* See Widmark, Studies in the concentration of indifferent narcotics in blood and tissues. Acta 
Medica Scand. 1919, 52, p. 121. A discussion is given of the rate of fallin the concen- 
tration curve, or the amount necessary to maintain a constant concentration as an ex- 
pression of the individual’s tolerance for alcohol. 
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ment measurement gives an even curve and seems curiously unaffected by 
the alcohol. There is here no single value as large as 2 per cent. The code 
results are irregular, especially in periods 4 and 5, but otherwise show a 
decrease of approximately 8 per cent which continues until the end of the 
experiment.” 

We may conclude, therefore, that when an additional 900 c. c. of alcohol 
solution is taken in small portions over a period of 214 hours, after the 
previous ingestion of a liter of the same solution, the concentration of the 
alcohol rises more or less continuously until the end of the experiment. 
The effect of the alcohol on both eye-movement measurements tends to 
show a continuous increase as the alcohol concentration in the urine in- 
creases. Station and the pursuitmeter tests give a stronger effect near the 
end of the experiment than in other series when additional alcohol solu- 
tion has not been taken. Thus, the general alcohol effect for series E is 
not especially altered in the first hour or hour and a half but, in contrast 
to the effect in the four series which precede it, is prominent in the third 
and fourth hours after ingestion. 

Series F.—There was only one day (December 29, 1920, experiment 
No. 44) when 2 liters of the regular grape-juice-alcohol solution were taken 
at the beginning of period 3. The ingestion occupied an interval of 16 
minutes in this instance, and was probably about as large a volume of solu- 
tion as the subject could take within such an interval. The complete dose 
contained 55.0 grams of ethyl alcohol which was, as usual, 2.75 per cent 
of the solution by weight. The results of this experiment (series F) are 
given in figure 31. The scale is the same as in the previous charts. The 
alcohol effect for each measurement is so pronounced and so clearly to be 
seen from the charts that but little comment is required. 

Notwithstanding the large ingestion of liquid, perhaps in consequence 
of it, the diuresis was especially small in the first 2 hours after the inges- 
tion and in certain instances amounts of urine sufficient for analysis could 
not be obtained. The alcohol concentration apparently reached its highest 
point (0.92 mg. per cubic centimeter) 95 minutes after ingestion. The 
rise was rapid, and after the peak was reached a decrease soon began to 
take place. In this instance the falling concentration was measured over 
a period of 6 hours after the psychological measurements were finished, 
but this prolongation of the curve of decline is not shown in the charts. 
The maximum in the diuresis curve came 45 minutes after the completion 
of the psychological measurements, that is, more than 4 hours after the 
complete ingestion. 

The maximal effect on station was an increased sway of 91 per cent in 
period 8, i. e., at 95 minutes. This was the largest percentile change found 
for any measurement in all the 11 series. In the pursuitmeter test it will 
be observed that the effect amounts to 68 and 66 per cent in periods 8 and 10, 
at 90 to 120 minutes. The alcohol effect ranges from 11 to 20 per cent for 
eye movements, left, the latter value being in period 6, while periods 7 and 
8 both show a decrease in speed of 18 per cent. For eye movements, right 
the range is from 10 to 32 per cent. The finger movements supply the only 
instance here of improved performance; this was +1.2 per cent in period 3. 


¢ For notes on subjective effects, see Appendix, page 287. 
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From periods 10 to 16 the decrease in number of finger movements 
averaged nearly 5 per cent, which is unusually large for this measurement. 
In periods 3 and 4 of the code tests there was an average decrease in ability 
of 24 per cent and then a eaied uniform effect of 15 to 18 per cent for 214 
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Fic. 31—Effect of Alcohol on Various Measurements made at 15-minute Intervals and 
Compared with Concentration of Alcohol in the Urine (Series F). 


A dose double that of Series A, i. e., 2,000 c. c., was taken within 20 minutes; otherwise the 
conditions were standard. The results are for but one day (experiment No. 44), 


In the third and fourth hours after the ingestion of the double dose, the 
effect of alcohol decreased somewhat as a whole. At this time the concen- 
tration curve had begun to fall, but was still at a level considerably higher 
than the usual maximal concentration from taking the regular 1-liter dose, 


194 ALCOHOL AND HUMAN EFFICIENCY. 


as found, for example, in series A. Although with the six measurements 
the effect of alcohol varies considerably, the average values may be com- 
pared. In the third hour after the ingestion of the 2 liters (periods 11, 12, 
13, and 14), the average effect for all six measures still amounts to 17.6 
per cent, whereas in the first hour after ingestion (periods 3, 4, 5, and 6) 
in series A, B, and D, the effects were but 9.7, 9.2, and 9.9 per cent, respec- 
tively. Thus, while the alcohol effect is decreasing in the third hour of 
series F, it is still somewhat larger than the general effect in the first hour 
following the usual dose. 

The conclusion from this double-dose experiment is that the maximal 
concentration reached in the urine was twice that which follows upon tak- 
ing the 1-liter dose, the alcohol effect was more than twice as strong, its 
maximal intensity tended to correspond to the maximal concentration in 
most measurements, and the general course of events was similar to that 
following the regular dose, except that the changes were magnified. Further, 
it is to be observed that 2 liters of alcohol solution can be taken by a com- 
mon-sized man within less than half an hour, and that if the stomach is 
empty and the alcohol solution contains as much as 55 grams of absolute 
ethyl alcohol, the effect on the efficiency of the man is pronounced, ranging 
from 5 to 90 per cent with various neuro-muscular measurements.* 


Errect oF PRECEDING OR FoLLOWING ALCOHOL INGESTION WITH OTHER 
LiQurps. 


Series G and H.—There were two series, G and H, in which non-alcoholic 
liquid preceded the taking of the regular dose. The results are given sep- 
arately in the usual form of charts in figures 32 and 33. In series G, 0.5 
liter of water was taken 1 hour before the alcohol was ingested, while in 
series H, 0.5 liter of whole milk was drunk exactly 1 hour before the inges- 
tion of the alcohol. The two alcohol-urine curves reach substantially the 
same maximal concentration, but the maximum is reached more promptly 
after the milk than following the water, that is, at 50 minutes in one case 
as compared to 80 minutes after ingestion in the other.” The fall is like- 
wise a little more prompt after the milk. The preliminary level of diuresis 
was higher with the water than with the milk. In general, the alcohol 
effects are very closely the same for both series. It happens that the max- 
imal alcohol effects for station, eye movements (left and right), and finger 
movements are smaller in series H with milk, but our experiments are too 
few to assess the significance of this. However, the taking of liquid before 
the alcohol did modify the alcohol effect considerably and there was in each 
series an early return to something approximating normal performance. 
The average alcohol effect for all measurements in the first hour following 
ingestion in these series is 5.3 per cent in both cases as compared to some- 
thing above 9 per cent in the first hour for series A, B, and D, as previously 


» See the subjective account in the Appendix, page 287. 

> The 0.5 liter of water was given in experiments Nos. 47 and 49. In the latter the results of the 
analyses for periods 3 to 8, were 0.087, 0.320, 0.420, 0.435, 0.409, and 0.385 mg. per cubic 
centimeter. In the former experiment, the similar values for alcohol concentration were 
0.087, 0.270, 0.242, 0.245, 0.316, and 0.315 mg. per cubic centimeter. There is a wide dispar- 
ity between the two sets of results, but no error could be proved for experiment No. 47 to 
justify discarding it. 
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noted. The taking of the half-liter of liquid, either water or milk, served 
to reduce substantially the effect of the alcohol subsequently ingested, 
probably on account of the dilution, though the reduction in the height and 
area of the alcohol-urine curves is not seen to be particularly prominent 
when these curves are compared to that obtained in series A. 

Series I and J—In two series, I and J, extra non-alcoholic liquid was 
given 1 hour after the completed ingestion of the standard dose. In series 
I, 0.5 liter of water was taken, and in series J, 0.5 liter of whole milk. The 
time of taking this extra liquid was at the beginning of experimental period 
7, or 65 minutes after the ingestion of the liter of 2.75 per cent alcohol. 
The results are shown in figures 34 and 35. The maximal concentration 
reached in both instances was practically the same, i. e., about 0.42 mg. per 
cubic centimeter, but in this pair of experiments, also, the maximum is 
reached somewhat earlier in one case than in the other. Here, however, 
this difference can not be due to the extra liquid ingested, since the milk 
or water was taken later. It must therefore be due to a variation in the 
physiological factors which pertain to the absorption and utilization of 
alcohol. Two experiments performed under the same or supposedly the 
same conditions rarely give exactly superimposable curves for the alcohol 
concentration in the urine. The variations from day to day and the causes 
for these differences are yet to be studied. 

The alcohol effect in both series I and J, when extra liquid was taken 
1 hour after ingestion, is more prominent than in series G and H, when the 
same amount of liquid was taken 1 hour previous to the alcohol. Both 
series I and J show an average alcohol effect for all measures of about 8 
per cent in the first hour after ingestion. In series I with the water, the 
average effect is 9.1 per cent in the second hour, 5.2 per cent in the third 
hour, and 1.6 per cent in the fourth hour (periods 15 and 16). In con- 
trast, it is found in series J with the milk that the average effect in the 
second hour is 5.9 per cent, in the third hour, —2.8 per cent, and in the 
fourth hour, —2.2 per cent. The latter two values signify a condition 
better than normal. The taking of milk reduced the alcohol effect on the 
psychological measurements, but did not particularly change the course 
of the alcohol-concentration curve for urine. The alcohol effects are, in 
general, considerably larger when the additional non-alcohol liquid was 
taken after the dose than when taken before it by an equal interval of time. 

In an important study of the alcohol concentration occurring in the 
blood of dogs after various solutions had been given, Mellanby* investigated 
the influence of drinking water and milk, either mixed directly with the 
alcohol solution or taken 2 hours previously. He found that the preliminary 
ingestion of water considerably increased the rapidity of absorption of the 
alcohol. He states:” 

“Milk is the most effective foodstuff for delaying absorption of alcohol 
into the blood. It is almost equally effective whether mixed with the alcohol 
or drunk 2 hours before the alcohol. Its action is quite independent of the 

conditions. Med. Research Com., Sp. Rept., Ser. No. 31, London, 1919, p. 22. 
> Ibid., p. 26. 
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dilution factor, although dilution with milk naturally acts in the same 
way as dilution with water.” 

Mellanby gave the dogs rather large quantities of alcohol, approximately 
4.0 c. c. of absolute alcohol per kilogram of body-weight, which is roughly 
eight times the amount used in our experiments. He also employed 0.5 
liter or more of milk with a dog weighing 10 to 14 kg., while we have used 
0.5 liter of milk with a man weighing 70 kg. For these reasons it is ques- 
tionable whether our results can be rightfully used for comparison. 


INFLUENCE OF PuysicAL Work oN ALCOHOL EFFECT. 


Series K.—In the eleven comparisons made with 15-minute periods ex- 
tended for a total duration of 4 hours, the last set (series K) concerned 
the influence of physical work on the alcohol effect. The results are incor- 
porated in charts of the usual form in figure 36. These experiments have 
their own pair of control days when muscular work with the bicycle 
ergometer® was done at the rate of 1.3 large calories per minute of external 
work (60 pedal revolutions per minute) in alternate periods after the taking 
of the non-alcoholic dose. The entire 15-minute period was given over 
to the muscular work, except for the time allowed for the collection of the 
urine sample. Periods 3, 5, 7, 9, 11, 13, and 15 were devoted to the muscu- 
lar work; in the other periods, the group of tests was used in the regular 
way. The plotted points for the psychological measurements in the alcohol 
and control curves following the dose are therefore only half the usual 
number. The alcohol and control curves frequently overlap or cross each 
other in this series. The alcohol effect is in the characteristic direction, 
but is small as compared with series A and B. The regular small effect on 
the pursuitmeter measurement and the prominence of negative results in 
both eye-movement charts are noteworthy. The average for all measure- 
ments in the first hour, which in this case would include only periods 4 and 
6, is a decrease of 3.8 per cent in efficiency. The average for the second 
hour, periods 8 and 10, is 5.5 per cent, and in the third hour, 1.5 per cent. 

Judging from these four experiments, two of which were control, the 
alcohol effect, although somewhat reduced, does not disappear when a 
medium amount of physical work is performed at regular intervals follow- 
ing the ingestion. According to the results of these experiments, the factor 
of physical work influences the alcohol results less than the preliminary 
ingestion of liquid (series G and H) or the taking of 500 c. c. of milk an 
hour after the dose (series J). Also, it is to be observed that in the last 2 
hours of series K the effect curves do not rise so prominently to negative 
results, i. e., better efficiency than normal as found in some of the preceding 
figures. The concentration of alcohol in the urine, however, does not appear 
to be greatly changed by the physical work.” 


Nore A.—As in the series of 30-minute experiments on Mow, discussed in the 
earlier part of this chapter (see p. 138), so likewise in these several sets of experi- 
‘ments employing 15-minute periods, the total area of sway in the station test has 
been computed. The results are essentially the same in direction as when the alcohol 
effect on station is measured by the number of millimeters of movement read from 


« Benedict and Cady, Carnegie Inst. Wash. Pub. No. 167, 1912. 


oN sire on the subject’s impressions of these experiments may be found in the Appendix, page 
288. 
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the movement adders. In terms of per cent, the effect on area is somewhat greater, 
but the results show more deviation between successive series. The chief fact, 
significant for our discussion, is that the subject did not, throughout all these series 
of experiments, learn to control himself so that he could avoid the greater swaying 
excursions which follow the taking of alcohol. The test continued to the end to 
show clear evidence in both amount and area of sway of the influence of the alcohol 
factor on the coordinations involved when the subject tried to stand motionless 
with the eyes closed. The amplitudes of the finger movements were also measured 
in series A to K, inclusive, following exactly the same routine as was used for the 
finger-movement records of the alcohol series described (p. 146) in this chapter. In 
the 15-minute periods, only one finger-movement record was made in place of the 
two records made in the 30-minute periods. The results obtained with Mow in the 
five series of experiments with 30-minute periods are confirmed by these later 
measurements. The finger-movement amplitude was considerably decreased, espe- 
cially in the first 2 hours after the alcohol ingestion and the coefficient of variability 
of the finger movement was increased. As an example, the final results may be given 
for series A, which was the standard experiment with 15-minute periods. The 
alcohol effects for experimental periods 3 to 16 in order are decreased amplitudes 
of 22, 26, 22, 39, 35, 35, 26, 35, 26, 22, 22, 17, 22, and 22 per cent. All the values 
are minus. The alcohol effect for the variability of the finger-movement amplitude 
in terms of coefficient of variability for the same series and periods in order are 
13, 15, 16, 30, 36, 73, 68, 30, 54, —1, 44, —7, 32 and 12 per cent, these all being 
increases except in periods 12 and 14, as noted. With the double dose, series F, 
the decrease in amplitude in periods 9, 10, and 11 was —33, —43, and —48 per cent. 
The corresponding increases in variability were +137, +171, and +133 per cent. 


CONCLUSIONS AS TO INFLUENCE oF DituTE ALCOHOL UNDER VARYING 
CoNDITIONS. 


Experiments were made to ascertain the influence of various conditions 
of dosage on the intensity of the alcohol effect. These survey experiments 
were all conducted on the same individual, Mow; they always continued 
4 hours and were divided into 15-minute periods. Five neuro-muscular 
measurements were repeated in each period, and usually a urine sample 
was obtained for analysis of alcohol content. A composite curve or nu- 
ees summary can not be given, by reason of the variety of conditions 
used. 

1. The generalized result of the 11 series of experiments with 2.75 per 
cent alcohol is that the subject’s efficiency in all the tests used was regu- 
larly poorer than normal in the 2 hours following the ingestion of the 
alcohol dose regardless of experimental conditions. There was at least no 
prominent development of alcohol tolerance. 

2. The different processes measured exhibit the alcohol effect in terms of 
percentage change to different degrees. The ability to stand without sway- 
ing is most affected and the speed of tapping or finger movement least. 
In general, the relative magnitude of the effect on the various measurements 
in the first 2 hours after alcohol corresponds well with the results obtained 
in the five series of experiments on the same subject reported in the first 
part of this chapter. 

3. The intensity of the alcohol effect is decreased by the ingestion of 
non-alcoholic liquid taken 1 hour before or 1 hour afterwards, or by the 
performance of physical work of moderate intensity after taking the alcohol. 
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The effect is also decreased if the standard dose (1 liter of 2.75 per cent 
alcohol by weight) is divided and taken in portions during the period of 
1 hour instead of ingested within 10 minutes. A double dose taken as one 
portion considerably increases the intensity of the effect and to a less ex- 
tent prolongs its duration. 

4. The duration of alcohol effect is somewhat lengthened if an additional 
quantity of the same dilute alcoholic beverage is taken after the standard 
dose, even though in very small additional doses (50 or 100 c. c.), and these 
separated by 15-minute intervals. 

5. The concentration of alcohol in the urine shows an initial rapid rise, 
a fairly sharp maximum, and a slow decline. The alcohol effect as ex- 
hibited, for example, in station or speed of eye movement, is at first a sharp 
fall in efficiency. The low point in ability of performance is not main- 
tained, but there is an irregular return in the direction of normal. Often 
2 or 3 hours after the alcohol has been ingested the effect has disappeared 
or has been overcome. Further discussion of the relation between the in- 
tensity of the alcohol effect and the height of alcohol concentration is 
deferred until Chapter VII. (See p. 262.) The alcohol-urine curves from 
the experiments with 15-minute periods closely resemble those obtained 
when the urine samples are separated by 30 minutes, indicating no special 
advantage to be obtained from the shorter period. 

6. All of the results reported in this chapter on the influence of beverages 
containing but 2.75 per cent ethyl alcohol by weight represent the reaction 
under various experimental conditions of one man who was well practiced 
as a subject in the neuro-muscular measurements and therefore seemed 
suitable for such comparative trials. Intensive many-sided results on a 
single normal subject may be relied upon as having a wide range of appli- 
cability.* Nevertheless, in the present case it seemed worth while to con- 
tinue the investigation of the influence of dilute alcohol by applying a simi- 
lar experimental routine to a group of men selected at random. The results 
from such a series of experiments are presented in the following chapter.’ 


® Miles, Carnegie Inst. Wash. Pub. No. 266, 1918. 

> Hollingworth, Therapeutic Gazette, February 15, 1921, in brief outline, accompanied by a small 
table of results, reports an alcohol investigation in which he used beer containing 2.75 per cent 
of alcohol by weight. Six men served as subjects during a period of two weeks. Control ex- 
periments were made and preliminary periods of measurement were used for comparison with 
those succeeding ingestion which was on an empty stomach. From the taking of 32 to 40 
grams of alcohol in this form, he found that pulse-rate increased 8 per cent, steadiness of the 
outstretched arm decreased 68 per cent, tapping-rate of the forearm decreased 7 per cent, and 
coordination in placing a stylus in small holes decreased 6 per cent. Other tests also showed 
decreased efficiency after the dilute alcohol. Individual differences are discussed and (per- 
sonal communication) a fuller report is promised to appear in the Jour. Abnormal and Social 
Psychol., 1923-24. Apparently these results are in quite close agreement with our own and 
demonstrate definitely measurable effects following ingestion of 2.75 per cent alcohol. 


CHAPTER VI. 


INFLUENCE OF DILUTE ALCOHOL ON A GROUP OF 
YOUNG MEN. 


One object of the series of experiments on a group of young men was to 
find if the results obtained with the trained subject, Mow, after the in- 
gestion of dilute alcohol, were substantiated. The general plan of the ex- 
periments with the young men was therefore the same as in the earlier 
series. In the preceding chapter some attention has been given to a com- 
parison of the intensity of the alcohol effect with the concentration of the 
alcohol appearing in the urine at approximately the same time. In those 
experiments it was assumed that the concentration of alcohol in the urine 
was the same as that in the blood.” Near the conclusion of the experiments 
with Mow, some sessions were arranged’ in which both blood and urine 
samples were obtained. Analysis of these two series of samples did not 
show an identical agreement in alcohol content. Accordingly, in plan- 
ning the experiments with the group, provision was made to obtain addi- 
tional data on this problem. After the conditions applying to the experi- 
ments with these men have been reviewed, and before the discussion of 
the neuro-muscular effects of the dilute doses of alcohol, the relative con- 
tent of alcohol in blood and urine samples will be considered. 


EXPERIMENTAL ROUTINE AND PROGRAM. 


As the experiments on this group of subjects were undertaken after sey- 
eral series of similar experiments had been made on the trained individual, 
the details of the routine had been thoroughly worked out. Furthermore, 
the tests employed had been in use in our psychological laboratory for a 
considerable period, so that technical difficulties had been largely elimi- 
nated. Each subject served 3 or 4 hours on six different days. On the first 
two days he was given careful instruction and systematic practice in per- 
forming the several neuro-muscular tests, the experimental program as 
well as the sequence of tests being the same for all of the men. Full details 
as to the methods of measurement are given on pages 9 to 28 in Chapter I, 
but a schematic outline of the program is also given here. 


(1) Patellar refler—The subject reclining in a steamer chair; registration was 
from the thickening of the quadriceps muscle; only the amplitude of the reflex 
recorded; stimulus hammer of constant weight for the subject was dropped each 
5 seconds for 25 times. 

(2) Skin temperature —Thermo-couple apparatus was used; the subject, reclining 
in the steamer chair, had been sitting with the backs of his hands exposed to the 
room air; thermo-junction readings taken from forehead, both cheeks, and two 
places on the back of each hand, there being in all seven skin-temperature readings. 

(3) Pulse-rate—Counted at the wrist; the subject continued reclining in relaxed 
condition. Several counts were made with a stop-watch. Much care was taken to 
obtain pulse counts which represented the resting state. 


a eee 

* Widmark, Upsala Likareférenings Férhandlingar, 1914, 19, p. 241; Skand. Arch. f. Physiol. 
1916, 33, p. 85. Chabanier and Ibarra-Loring, Comp. rend. Soc. biol., 1916, 79 p. 8. ; 

> See table 37, experiments Nos. 68, 69, and 70, p. 131. ; 

* Always in the two preliminary periods, the patellar-reflex, skin-temperature, and pulse-rate 
Sam aaane ges were last in the order of tests; after the dose for the day they were first in 
each period. 
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(4) Finger movement.—The subject changed to an upright chair. Oscillations of 
the middle finger were recorded on a kymograph. The time was directly incorpo- 
rated with the record. 

(5) Transliteration of section of Johnson’s code material—Subject in upright 
chair at desk near the place of previous tests. At the exact moment of starting 
he uncovered 50 letters to be transliterated to the code, which was also exposed. 
When transliteration was completed subject called out “stop.” 

(6) Continuous coordination with pursuitmeter for 5 minutes—The pursuitmeter 
was located in the room where lighting and other conditions were uniform and favor- 
able. After a moment’s practice the regular test was begun. The subject was 
always observed, but never interrupted. At the end of the test the meter readings 
were recorded, but the meters were not zeroized; later they were checked by a 
second reading. 

(7) Discontinuous coordination with pursuit pendulum—The pursuit pendulum 
was mounted over a sink at the end of the room near the patellar-reflex apparatus. 
Subject sat on a stool, so located as to give the best opportunity for a free-arm 
movement in the man’s attempt to collect the water flowing from the pendulum 
during its swing of 70 cm. Each test consisted of 25 successive trials with as many 
different cups and required about 5 minutes. Each bank of cups was covered at the 
end of the trial and measurement of the amount of liquid collected was made when 
the test was completed. 

(8) Station—The man attempted to stand motionless for 2 minutes with eyes 
closed in a room with darkened walls and subdued light. The feet were in a pre- 
scribed position, and he stood erect with hands at sides, in approximately military 
position, but more comfortable and more evenly balanced. A graphic tracing of the 
swaying of the subject was obtained and simultaneous measurements were made by 
the ataxiameter of the total forward, backward, and lateral component of the sway- 
ing movement in terms of millimeters. The ataxiameter was read and recorded 
immediately at the end of the test. 

(9) Urine test —On finishing the station test, the subject passed urine directly 
into a graduated glass-stoppered flask. Each flask had a series number, and record 
was made of the collection time on both flask and protocol sheet. 


This group of 9 events required 30 minutes for its completion, with a 
variation in length of some 3 or 4 minutes. In the first two days the pur- 
pose was to teach the subject the routine, allow him to gain some proficiency 
in the tests, and secure from him blood samples to be directly compared with 
urine samples for alcohol content. On the first day, after 1 hour’s practice 
with the tests, the bladder was emptied, the urine being saved as a normal. 
Immediately afterwards, the subject drank the alcohol dose (the standard 
dose given to Mow, i. e., 27.5 grams alcohol in 1,000 c. c. of water and 
grape juice) at a temperature of from 18° to 19° C., and 20 minutes after 
the dose had been completely ingested a blood sample of 20 c. c. was taken 
from an arm vein in the usual manner. A needle of fairly large bore was 
used and a 50 c. ¢. syringe with exactly enough potassium oxalate in the 
syringe to prevent coagulation of the blood. It was usually possible to 
collect. urine 1 or 2 minutes after the needle had been withdrawn from the 
vein. Blood samples were taken in this manner at intervals of 20, 40, 70, 
and 120 minutes; urine samples were usually passed at 22, 42, 55, 72, 87, 
105, 122, 140, and 160 minutes after the complete ingestion of the alcohol 
dose. Each time the effort was made to empty the bladder completely. 
Usually the amounts of urine were large enough for purposes of analysis. 
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In manipulating the urine and blood samples the common precautions were 
taken. For the sake of clearness these may be specified. 


Each urine sample was kept in the flask in which it had been collected and the 
quantities required for distillation were removed by a pipette. The fluid was 
measured for distillation at room temperature. The blood sample was in each 
instance forced out of the syringe into a clean and thoroughly dry bottle a little 
larger than necessary. This was tightly stoppered and gently shaken to insure 
thorough mixing with the potassium oxalate. The quantities required for distilla- 
tion samples were removed from this bottle with a pipette which had previously 
been thoroughly rinsed with the blood sample. Particular care was taken to have 
the pipette empty itself very slowly, so that its sides might be cleaned in the descent 
of the meniscus. For the preparation of plasma samples, 14 to 15 c. c. of the 
whole blood, thoroughly mixed, was poured directly into a centrifuging tube. This 
was immediately capped and centrifuged with the cap in place to avoid any loss 
of alcohol by evaporation. After 10 or more minutes of centrifuging at high speed, 
the plasma was immediately pipetted off into a dry test-tube. This served as a 
receptacle for the total plasma available from the sample, the quantities required 
for distillation being measured off by pipettes which were likewise rinsed as before 
with the plasma and allowed to empty slowly. The analysis of the blood and urine 
samples was usually proceeding in another room while the subject was present and 
the experiment in progress. Of course, the blood and urine samples did not require 
so much time on the part of the subject who was serving in the experiment as our 
description may seem to indicate. He was occupied in repeatedly performing the 
various tests, except at the intervals when blood and urine samples were required. 


On the second day that the subject came to the Laboratory, the routine 
of the first day was repeated and differed in only two particulars. First, as 
he understood what was expected from him, he could make more rapid 
progress and go through the series of tests a greater number of times. 
Second, the same amount of alcohol was given in a more concentrated form, 
i. e., 27.5 grams of absolute alcohol diluted to a total volume of 100 c. ec. 
Following the ingestion of this dose, blood and urine samples were taken 
as before and at similar intervals, so that a direct comparison could be made 
not only between the alcohol concentration of the blood and urine but be- 
tween the results obtained with two different dilutions of the same dose of 
absolute alcohol. 

Blood samples were not taken on the four later days of the experimental 
series with each subject. These days, Nos. 3, 4, 5, and 6, were devoted to 
the neuro-muscular tests and the taking of urine samples every half hour 
following the ingestion of the alcohol. The subjects came as usual to the 
Laboratory, having taken certain amounts of food and liquid 3 hours or so 
previously and having refrained by agreement from alcohol, coffee, and 
tobacco. The bladder was emptied, but the urine was not saved. The 
routine for the day was divided into two parts, i. e., normal or preliminary 
periods, and those following the taking of the dose. There were two prelimi- 
nary periods of measurements, the last one being followed by the passing 
of a urine sample which was kept as a normal urine. The dose for the day 
was then taken, and 5 minutes after its ingestion the tests were continued 
for 2 hours, that is, the series was repeated four successive times, a urine 
sample being taken at the end of each period. The third and sixth days of 
the series were control days, on which a control dose of 1,000 c. c. was given 
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at the regular time; this was non-alcoholic, but contained the same amount 
of grape juice as usual. On the fourth and fifth days of the series the dose 
was like that given on the first day. To summarize, the routine of the 6 
days was as follows: 


First: Alcohol—1,000 c. c. containing 2.75 per cent alcohol by weight, followed 
by collection of blood and urine samples, and practice in the neuro-muscular tests. 

Second: Alcohol—100 c. c. containing 27.5 per cent alcohol by weight, followed 
by collection of blood and urine samples, and practice in the neuro-muscular tests. 

Third: Control—1,000 c. c. of non-alcoholic dose, preceded by two periods of 
neuro-muscular tests and followed by four periods of tests. Urine samples taken. 

Fourth: Alcohol—1,000 ¢. ¢. containing 2.75 per cent alcohol by weight, preceded 
by two periods of testing, and followed by four periods. Urine samples taken. 

Fifth: Alcohol—1,000 c. c. of 2.75 per cent of alcohol by weight, preceded by 
two periods and followed by four periods. Urine samples taken. 

Sixth: Control—1,000 c. c. of non-alcoholic dose, preceded by two preliminary 
periods and followed by four periods of testing. Urine samples taken. 


The subjects were always tested individually and in the same routine 
manner. The apparatus was adjusted so far as possible to meet the con- 
venience and comfort of the individual. Before beginning the experiment, 
each man had been carefully instructed in reference to keeping extra-lab- 
oratory conditions constant throughout the series of experiments. No viola- 
tion of these conditions came to our attention. 


SUBJECTS. 


Most of the subjects were medical students who had previously given 
blood samples for transfusion or other purposes. It seemed probable that 
the selection of men who had had this experience would probably result in 
less misunderstanding and more thorough cooperation throughout the study. 
The men were paid by the hour, but the amount was nominal and not suffi- 
cient to attract them unless they were otherwise interested. All who com- 
pleted the series were thoroughly cooperative and reliable. Without ex- 
ception, the men were in good health. Except for Cef, who did not finish 
the series, they ranged in age from 22 to 36 years. Each was seen indi- 
vidually some days before he came as a subject and all details were ex- 
plained and agreed upon. In discussing the investigation with them at this 
time, special stress was laid on the problem of securing comparative results 
for blood and urine samples. The testing for a possible alcohol effect on 
neuro-muscular efficiency was only noted secondarily. Nearly all of the 
men had taken alcohol as a beverage at some time in their lives or were 
in the habit of taking it occasionally, and nearly all had experienced mild 
or stronger intoxication from alcohol. The general data for the various 
subjects are as follows: 

Faf: Complete abstainer; had previously served six times as donor in blood 
transfusions; age, 23 years; height, 177 cm.; weight 70 kg.; perfect health. 

Kom: Abstinent by habit, at present; reported previous irregular use of beer; 
never intoxicated; had served as donor in two blood transfusions; age, 22 years; 
height, 181 cm.; weight, 73 kg.; excellent health. \. 

Hic: Usually an abstainer, but with no scruples against alcohol, having occasion- 
ally used wine; had never given blood samples; age, 24 years; height, 177 cm.; 
weight, 68 kg.; good health. 
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Jem: Recently abstinent; formerly used medium amounts of alcohol, but never 
much intoxicated; had previously given blood samples; age, 25 years; height, 172 
cm.; weight, 63 kg.; excellent physical condition. 

Sul: At times drinks a glass or two of wine and occasionally a little whisky; had 
been mildly intoxicated; had never given blood samples; claimed to be able to 
take 2 liters of liquid within a short time without discomfort; age, 29 years; height, 
170 cm.; weight, 67 kg.; good health. 

Rir: Recently abstinent; during 1916 and 1917 drank large amounts of light 
wine; had given blood for transfusion purposes; age, 33 years; height, 174 cm.; 
weight, 75 kg.; excellent health. ' 

Sut: A technical student; consumes large quantities of alcohol occasionally, with 
reputation of being able to do so without intoxication; had tried to observe influence 
of alcohol on his own ability to read electrical instruments in a physical laboratory; 
had never given blood samples. Age, 24 years; height, 169 cm.; weight, 53 kg.; 
normal health. 

Kac: Usually a very moderate drinker, but on two occasions had been so intoxi- 
cated that it was necessary to go to bed. Had served as subject for blood transfusion 
once. As he left the city before the study was ended, he was unable to complete 
the series of experiments. Age, 22 years; height, 175 cm.; weight, 68 kg. 

Cef: Habitual user; takes alcoholic beverages of all kinds very freely and is often 
intoxicated. For several years was a teamster on a beer-wagon. Aside from per- 
ceptible tremor of the hands, appears to be in fairly good health. Had given small 
blood samples at various times. Because of breaking an ankle, was prevented from 
completing the series of experiments. Age, 52 years; height, 177 cm.; weight, 65 kg. 

Mow: Abstinent by habit, but having served in a large number of alcohol experi- 
ments which had immediately preceded those here reported, should be classed as a 
moderate user of dilute alcoholic beverages; age, 36 years; height, 178 cm.; weight, 
74 kg.; excellent health. Not technically a member of this group of subjects, but 
included in the results on the alcohol effect for purposes of averaging. 


Subjects who are abstinent or moderate in their use of alcohol can be 
somewhat readily secured. Aside from hospital cases it is considerably more 
difficult to find men of the habitual or so-called “hard drinker” class who 
will cooperate, are trustworthy, and willing to abstain from the use of 
alcohol outside of the laboratory for at least a period of 24 to 36 hours 
prior to the experiment. In these experiments a beginning was made with 
three men who would qualify in this class, but the studies could not be 
completed with two of the men. The first (Cef) was rather older than 
desirable (52 years), but apparently in good health and a very satisfactory 
man to work with. The preliminary two days were carried through with- 
out difficulty, but in connection with his work outside of the Laboratory he 
met with an accident, breaking his ankle, and the experiments had to be 
discontinued. Another of these men began the first day in a very satis- 
factory manner, but after the taking of the first blood sample absolutely 
refused to proceed unless all the “blood-sample business” was omitted. 
He therefore left the Laboratory and nothing more could be done with 
him. The subject Sut, as noted, is a very heavy occasional drinker, and is 
therefore probably the nearest in the total group to the habitual type. He 
was a thoroughly cooperative subject, although some of the data obtained 
with him baffle any attempt at adequate explanation. Usually there were 
intervening days between experiments on any one subject; the whole series 
on one man was completed in something less than two weeks. 
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WEIGHT OF ETHYL ALCOHOL EMPLOYED. 


In order that there may be no possible misunderstanding about the 
weight and dilution of the ethyl alcohol used, the details concerning dosage 
which apply to this chapter are all brought together here. All subjects 
received the same dose on the first, fourth, and fifth days of their individual 
experimental series. This was 27.5 grams of absolute alcohol, about 0.5 c. ¢. 
per kilogram of body-weight, in 300 c. c. of grape juice, the mixture being 
diluted with water to a total volume of 1 liter or 1,000 c. c. This had been 
found a convenient experimental beverage; both content and dilution are 
the standard adopted with the trained subject, Mow, as explained in Chap- 
ter V. The grape juice was of a standard commercial brand, unsweetened, 
and its alcohol content was frequently tested. An average of several such 
analyses gave 0.087 per cent alcohol by weight. The liquid, when taken, 
had a temperature of 18° to 20° C. In all cases, 3 to 7 minutes was a 
sufficient time for taking this amount of liquid (1 liter). Following the 
ingestion, there was usually a noticeable feeling of cold. The volume of 
1,000 c. c. was not found to be excessive for any of the men. 

On the second day of the experimental series with each subject, the 
27.5 grams of ethyl alcohol were diluted with but 50 ¢. c. of grape juice and 
this alcohol and grape juice diluted with water to a total volume of only 
100 c. c. Consequently, we have a dose of 27.5 per cent alcohol by weight. 
This beverage resembled a cordial. It could easily be consumed in less 
than 1 minute and care was taken that as little as possible was left in the 
glass. The control dose, given on the third and sixth days, was 300 ¢. ec. 
of the grape juice diluted with water to 1,000 c. c. No other flavoring ma- 
terial was added. 

To some extent the grape juice masked the taste of dilute alcohol; in 
fact, tests that were made with several of our laboratory staff as observers 
show that it was difficult for some individuals to tell when alcohol had been 
added to the grape juice in as dilute a percentage as 2.75 per cent. It is, 
however, quite futile to attempt to disguise the presence of alcohol in such 
experiments. The disguise will often be successful while the liquid is being 
ingested, but if the beverage has been taken on a relatively empty stomach 
and contains as much as 25 grams of absolute alcohol, even a moderately 
good observer can usually recognize the subjective effects which are and 
always have been a characteristic result of the ingestion of alcohol. Hallen- 
berg* has shown that ethyl alcohol diluted in water to 0.01 volume per cent 
can be recognized as present by taste, and that smell is still more sen- 
sitive. Of course, in Hallenberg’s work other flavoring materials were not 
present, but usually one finds, especially if the dose has been taken more 
than once, that after swallowing some of the liquid, subjects detect alcohol 
either by odor or by some action on the mucous membrane of the mouth. 
Invariably the men were given to understand that some alcohol was always 
taken. The idea of a strictly non-alcoholic control dose was never sug- 
gested to them or mentioned by any of them, and no subject knew before- 
hand the dosage routine of the 6 days. 


* Hallenberg, Skand. Arch. f. Physiol., 1914, 31, p. 75. 
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METHOD OF DETERMINATION OF ALCOHOL IN BLOOD AND 
URINE. 


A modification of the Widmark-Nicloux method was used for determin- 
ing the alcohol in the blood and urine. It is unnecessary to describe here 
with any detail the Nicloux* method for determining small amounts of 
alcohol, or the Widmark” modification of this method. As is well known, 
the reaction of alcohol with potassium-bichromate solution in the presence 
of sulphuric acid is the basis of the method, this being a common basis 
for a variety of techniques which have to do with the analysis of tissues 
and fluids for the presence of alcohol. As employed in our experiments,’ 
we used essentially Widmark’s technique, but modified it chiefly in four 
respects: (1) Picric acid was added to urine, plasma, and whole-blood 
samples, also used in making up the standard of the day; (2) the heating 
for distillation was milder and more prolonged, to make sure that all the 
alcohol in the sample should be distilled off; second distillations were made 
to prove that the alcohol had actually been driven over; (3) a more dilute 
potassium-bichromate solution was used than is recommended by Wid- 
mark; this gave greater accuracy in the determinations; (4) all samples 
being titrated were kept with the standard in a hot-water bath to prevent 
color changes due to cooling and to aid in the oxidation after successive 
additions of titration alcohol. 

Duplicate or triplicate analyses were carried out on each sample of 
blood and urine, thus requiring from 30 to 40 determinations for each ex- 
periment when both blood and urine samples were taken. The method 
worked very satisfactorily. The procedure could be carried out rapidly 
and can be recommended.’ 

A large number of trial analyses were made in which alcohol was added 
to water, urine, or blood, but the actual amount of alcohol added was un- 
known to the individual making the analysis. Of 38 cases in which such 
trials were made with water and alcohol samples, 18 show minus results, 
averaging 4.4 per cent, i. e., the alcohol determined by the analytical 
method indicated an amount which was 4.4 per cent less than that actually 
known to have been added to the solution; 18 results were plus, averaging 
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® Nicloux, Recherches expérimentales sur l'élimination de l’alcool dans l’organisme. Détermi- 
nation d’une ‘‘alcoolisme congénitale.’’ Thesis, Paris, 1900. 

b Widmark, Skand. Arch. f. Physiol., 1918, 35, p. 125. This author has recently described a 
micro-method for the determination of alcohol in blood. See Widmark, Biochem. Zeitschr. 
1922, 131, p. 473. ‘ 

© Miles, Journ. Pharmacol. and Exp. Therapeutics, 1922, 20, p. 265. 

4 By the Widmark technique, a standard color or sample is prepared by distilling over a certain 
weighed amount of alcohol into a certain amount of bichromate and sulphuric acid. As 
the alcohol is driven into and absorbed by the chromic acid, the color changes from yellow 
to yellow-green and finally to blue-green.. Since the alcohol used is sufficient to reduce 
almost exactly the amount of potassium bichromate employed, this test-tube or a mixture 
of duplicates prepared the same way is used as the standard color. Then a 5 ec. c. volume 
of solution containing an unknown amount of alcohol is distilled into a separate test-tube 
containing the amounts of bichromate and sulphuric acid before specified for the standard 
If the unknown contains less alcohol than is contained in the standard sample, the test- 
tube will show a yellow-green color at the end of distillation. Alcohol is then added to the 
test-tube from a burette containing a solution of 5 mg. of absolute alcohol per cubic centi- 
meter. The additions are made slowly, drop by drop, until the color exactly matches that 
of the standard which was produced by the known amount of alcohol. The known amount 
of alcohol added from the burette deducted from the amount used in preparing the standard 
therefore gives directly the alcohol content of the 5 c. c. of unknown solution. 
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4.1 per cent more alcohol than was added, and two cases happened to be 
exactly correct. The average for the 38 cases is therefore very close to 
theoretical. In 27 analyses of trial samples made up from alcohol and 
normal urine, 6 were minus, with an average of 2.7 per cent, and 21 plus, 
with an average of 3.7 per cent. With 21 samples made up from normal 
blood and alcohol, 18 showed minus results averaging 3.5 per cent and only 
1 a plus result, which was 1.2 per cent, while 2 cases showed zero errors. 
If the total of 86 such trials be considered as one series, the average error 
is 3.6 per cent. Nicloux,’ in describing his original method, stated that it 
would give results to within 2.5 to 10 per cent, tending toward 2.5 or below 
after the experimenter had had much practice. 


RELATION OF ALCOHOL INGESTED TO THAT APPEARING IN 
BLOOD AND URINE. 


After a thorough test of the Widmark-Nicloux method of alcohol de- 
termination which gave assurance that the analyses were trustworthy, a 
number of preliminary experiments were made with one subject (Mow). 
Both blood and urine samples were obtained, the urine collection follow- 
ing the taking of the blood samples as quickly as possible in each case; the 
alcohol content of each sample was then determined and the two results 
compared. Several factors were varied in order to obtain information on 
the influence of dilution—the effect of taking plain alcohol-and-water 
mixtures as compared with mixtures of alcohol and grape juice; the re- 
sults obtained with the subject in the post-absorptive condition as com- 
pared with those found when a small amount of food had been taken 1 
hour before the alcohol; and the influence of muscular work on the alcohol 
content of both blood and urine. 

As a result of these initial experiments, the routine previously outlined ~ 
(see p. 205) was adopted and followed on the two preliminary days with 
the whole group of subjects. This routine limited the comparisons to the 
differences in alcohol content between corresponding blood and urine sam- 
ples, and to the factor of dilution. 

The results of the analyses of the blood samples for all of the subjects 
who passed through the preliminary experiments are combined in table 54. 
The designations of the subjects are given in the left-hand column. These 
are followed by the dates of the experiments, and then in four columns, 
headed 20, 40, 70, and 120 minutes after ingestion, are entered the average 
alcohol values yielded in each case by the analyses of duplicate distilla- 
tions of the same blood samples. The results are stated in terms of milli- 
grams per cubic centimeter of whole blood. The left-hand portion of the 
table relates to those experiments in which the alcohol was taken in 
1,000 c. c. volume. The similar results when 27.5 grams of alcohol were 
taken in a total volume of 100 c. c. are given on the right-hand side. Thus 
the results for one subject are directly comparable for the two dilutions used 
and are shown on the same horizontal line of the table. 

The first and most important point observable is that the concentration 
of alcohol in the blood is not uniform following the ingestion of the dose. 
For any and every subject when alcohol was given in a 1,000 c. c. dose, it 
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will be observed that the concentration 20 minutes following ingestion is 
less than that found at 40 minutes, and this in turn is less than that exist- 
ing at 70 or 120 minutes following ingestion. The concentration at 20 
minutes ranges from 0.09 to 0.30 mg., with an average of 0.18 mg. per 
cubic centimeter. The average at 40 minutes is roughly 30 per cent higher 
than this, that is, 0.24. The next half hour produces about 25 per cent 
increase in concentration, so that at 70 minutes the values average 0.31 mg. 
There is apparently but little change during the next 40 or 50 minutes, for 
at 120 minutes the average is still 0.31 mg. per cubic centimeter. The 
variation between different subjects is not so great for the intervals of 70 
and 120 minutes as was found 20 minutes after ingestion. The range is 
between 0.25 and 0.38 for the 70-minute period and between 0.24 and 0.39 
for the final blood sample that was taken 2 hours after ingestion. 


Taste 54.—The concentration of alcohol appearing in the blood at various intervals afier 
ingestion of alcohol in different dilutions. 


Alcohol per ec. c. of blood after 27.5 Alcohol per c. c. of blood after 27.5 


gm. alcohol in 1,000 ec. ec. gm. alcohol in 100 ec. c. 
Sib op NC, wll pee ee ae ERE eS 
Date 20 40 70 1 20 Date 20 40 70 
min. | min. | min. | min min. | min. | min 
1921. mg. mg. mg. mg. 1921. mg. mg. mg. 
‘Bal Seas ke IMay220)|) 0322" |S. c0. Ol oleO. S90 dane | seo Wee 0.37 
KSomiverreisiere May 25 SLOG Maaaets .380 .24 | May 27 5129): Neeoenate .33 
Hic ceeee ear June 61} .09 }] 0.15 320 .27 | June 8 .36 | 0.46 44 
erica June 13 .10 .24 .29 .385 | June 14 Be) 43 .50 
Sullageerrne June 16 .20 nae sail .29 | June 20 .39 .46 .49 
Rirskc).> aoe July 19 13 22 .28 26 | July 6 21 36 49 
Suteaecec. Sept. 27!| .12 24 .28 .35 | Sept. 30! 12 20 31 
Kactsers:. May 31 ESO" aeons .36 [oe (@) SIR aS A (eee 
(OS Baar ome July 13! ls 20 .38 29 | July 15! 57 54 50 
AVCTARO. elles eres .18 24 co pg ON ae eee 29 43 44 


1 Results of these experiments do not appear in the averages. For the general comparison of the influence of 
dilution on the concentration we selected what were thought to be the six most typical experiments for each 
dose. Cef and Sut were habituals and between them gave disagreeing results for the 100 c.c. dose. Hic 
on June 6 was evidently in a dried-out condition, quite different from his condition on June 10 and 11. 
Kac has a strikingly high value (0.30 mg.) at 20 minutes with the 1,000 c.c. experiment. The average 
without this value would be 0.16 mg. 

2 Experiments had to be discontinued because subject left the city. 


The changing concentration of aleohol in the blood, which is seen to be 
characteristic during the first hour following the 1-liter dose, is also found 
when the 27.5 grams of alcohol are taken in 100 c. c. The striking difference 
in the two sets of results is that the alcohol content in the blood is con- 
siderably higher after the more concentrated beverage has been taken.” At 
20 minutes the range for the first six subjects is between 0.21 and 0.39 mg. 
This slightly overlaps the range found with the same time interval for the 
1,000 c. c. dose and is on the average about 60 per cent higher. This is 
also characteristic of the intervals 40, 70, and 120 minutes following in- 


a This result is confirmed by the new work of Hammarsten and Liljestrand (Bil. A. till Staten 
offentliga utredningar, 1922, 37, p. 119), who studied the alcohol content of the blood after 
giving doses of varying dilution and under various conditions in reference to food. 


EFFECT OF DILUTE ALCOHOL ON YOUNG MEN. 213 


gestion. Each subject shows a considerably larger amount of alcohol per 
cubic centimeter of blood following the taking of the more concentrated 
beverage and also a higher alcohol concentration in the blood 70 minutes 
following ingestion than is found at 120 minutes; therefore there appears 
to be a more definite peak in the curve when the alcohol is taken in a more 
concentrated form. The change between 70 and 120 minutes is on the 
average between 0.44 and 0.37 mgm. The variation between individual 
subjects is not so great with the third and fourth blood samples as with 
the first, which was also observed for the more dilute dose. 

The analyses for the corresponding urine samples are shown in table 55. 
To give direct comparison of results, the table is limited to the analytical 
findings for samples taken 2 minutes after each of the corresponding blood 
samples, i. e., approximately 22, 42, 72, and 122 minutes following the in- 


TaBLE 55.—The concentration of alcohol appearing in the urine at various intervals after 
ingestion of alcohol in different dilutions. 


Alcohol per ec. c. of urine after 27.5 Alcohol per ec. c. of urine after 27.5 
gm. alcohol in 1,000 e. ce. gm. alcohol in 100 «. ec. 
Subject. 

Date 22 42 72 122 Date 22 42 72 122 

min. | min. | min. | min. min. | min. | min. | min 

1921. mg. mg. mg. mg. 1921, mg. mg. mg. mg. 

Pats copie. May 20 | 0.15 | 0.48 | 0.52 | 0.43 | June 1 | 0.20 | 0.52 | 0.52 | 0.42 
COM seta s eins May 25 4 .29 44 .32 | May 27 21 .52 .56 .38 
icteric June 6'| .06 aS ae .389 | June 8 n2a. .61 .62 BOIL 
VOTING ob in.s te June 13 .09 .39 .52 .52 | June 14 Suite .59 .76 oT 
eal eccrarahes A: June 16 .24 42 .§1 .48 | June 20 .52 .66 .70 .51 
i aonan & eee July 19 11 27 42 40] July 6 20 35 64 56 
SUta eee on Sept. 27!| .12 25 44 .43 | Sept. 301 11 19 41 41 
GaGa May 31 .26 45 46 .43 yay Bilt cetera elie ames 
(Crs SR ae es Afiinig BIEL) Axil 27 42 .386 | July 15! 53 84 68 44 
IAVOTALE «biel, o niz.srsiteus PG .38 48 Ais | ee se is .26 .54 .63 .50 


1 Results of these experiments do not appear in the averages. For the general comparison for dilution as it 
influenced concentration, we selected what were thought to be the six most typical experiments for each 
dose. Sut and Cef were habituals and between them gave disagreeing results, particularly for the 100 c.c. 
test. On June 6, Hic was’ evidently quite different (in a dried-out condition) as compared with his con- 
dition on June 10 and 11. Kac has a strikingly high value (0.26 mg.) at 20 minutes with the 1,000 c. c. 
experiment. The average without this value would be 0.14 mg. 

2 Experiments had to be discontinued because the subject left the city. 


gestion of alcohol, the data being arranged in the same form as those for 
the blood samples. The general picture presented in the two tables is the 
same in that the alcohol content of the urine increases continuously for 
somewhat over an hour, and the concentration is greater when the volume 
of the solution in which the alcohol is taken is reduced to 100 c. c. The 
concentration of alcohol in the urine samples is, however, higher than that 
in the corresponding blood samples. A comparison of the blood and urine 
results obtained, respectively, 20 and 22 minutes after the ingestion of the 
alcohol shows the two series to be approximately alike, subject for subject. 
But such a direct comparison is not consistent. The taking of a blood 
sample requires about 30 seconds and thus the portion obtained represents 
simply a point on the curve of changing alcohol concentration in the blood- 
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stream. The urine sample, on the contrary, represents a period of secretion 
of 20 or more minutes, during which the concentration of alcohol in the 
urine gradually changes. The urine which was first secreted during the 
period remained in the bladder and its low alcohol content was gradually 
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Fic. 37—Comparative Concentration of Alcohol in Urine, Blood, and Plasma Following 
Ingestion of 1,000 c. c. Solution Containing 2.75 Per Cent of Alcohol. 
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increased by the larger amount of alcohol secreted during the latter part 
of the period, so that the proportion actually found in the sample taken at 
22 minutes is an average value for the period of collection,’ while the 
values for the blood samples represent the condition of the blood at the 
moment of collection. 
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F'1a. 38—Comparative Concentration of Alcohol in Urine, Blood, and Plasma Following 
Ingestion of 100 c. c. Solution Containing 27.5 Per Cent of Alcohol. 


The relationship between the alcohol in the urine and the blood is most 
simply represented by diagrams. Figures 37 and 38 have therefore been 
prepared to represent the data obtained in the experiments in which the 
volumes of the doses were 1,000 c. c. and 100 c. ¢., respectively, use being 


te ee 
* Direct tests were made of the influence of an incomplete emptying of the bladder in the col- 
lection of urine. Samples were taken at intervals of 5 or 10 minutes, the object being to 
retain always some urine in the bladder. The result of this retention was a very much 


flattened alcohol curve for the urine. (See Miles, Journ. Pharmacol. and Exp. Therapeutics, 
1922, 20, p. 304, fig. 26.) 
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made of the averages in tables 54 and 55. Since, as explained above, the 
urine values represent averages for the period of collection, they are plotted 
midway in the periods, and the blood values appear at the exact time of 
collection. The vertical scale on the left side of the figure represents milli- 
grams per cubic centimeter and applies equally to the three curves for the 
urine, blood, and plasma samples. On the abscissa is represented the time 
in minutes after the complete ingestion of the dose. The right-hand scale 
in cubic centimeters per minute refers to the curve designated as “urine per 
minute.” In both figures this curve represents a composite of six experi- 
ments, i. e., one experiment with each of six men performed under similar 
conditions as to dosage, etc. 

The urine curve, with the values for alcohol concentration plotted mid- 
way in the various collection periods, is constantly above the alcohol curve 
for the whole blood. While only a little higher in the first 20 or 30 min- 
utes, it gradually rises 35 to 60 per cent above that for the blood. When 
the same weight of alcohol (27.5 grams) was taken in a more concentrated 
solution (a volume of 100 c. c. as compared to 1,000 c. ¢.), a higher alcohol 
concentration appears in the blood, plasma, and urine. The increase in the 
blood curve at the maximum point amounts to 42 per cent over that with 
the larger volume, while the increase in the case of the urine is 31 per 
cent. The alcohol concentration in the plasma is 20 to 25 per cent higher 
than that in the whole blood. So far as the data indicate, at the first the 
plasma and urine have about the same concentration for 30 or 40 minutes; 
later the urine is considerably higher than the plasma, which occupies an 
intermediate level between blood and urine." 

In the blood and urine the alcohol concentration appears to reach its 
maximum at about the same time, which is 60 to 75 minutes after inges- 
tion. The rise before this time is quite rapid, but the maximum is rather 
prolonged, continuing with the dilute dose for 30 to 45 minutes. With the 
concentrated dose there is a sharper decline following the maximum. This 
decline 75 minutes after the 100 c. c. dose is also shown on the plasma curve. 


RELATION OF DiuREsIs TO ALCOHOL CONTENT OF URINE. 


The amount of urine excreted per minute was naturally larger with the 
1-liter dose. In each composite chart this block curve for urine reaches its 
crest about simultaneously with the urine-alcohol curve, but individual 
experiments, e. g., Hic, June 6, and Rir, July 5,’ show that even contour of 
the urine-alcohol curve is not disturbed by rather wide changes in diuresis. 
But when the kidney excretion was very slight, the alcohol concentration 


2 The plasma results for individual subjects have not been included in table 54, but may be found 
in Miles, Journ. Pharmacol. and Exp. Therapeutics, 1922, 20, p. 265, to which the reader 
is also directed for a comparison of our results on blood and urine with those previously 
given by other authors. , : 

This latter experiment has not been included in tables 54 and 55, but curves are given for it 
in figures 39 and 40, where, it will be observed, Rir appears twice. This experiment of 
July 5 followed a day of very strenuous physical exercise and the subject was not in a normal 
condition of water balance. The curves for alcohol concentration in blood and urine were 
closely at the same level. (See Rir’s lower curve in the left-hand portion of both figures 
39 and 40.) When the experiment was repeated under more normal conditions on July 19, 
the urine curve was found to be above that for blood as seen in the upper pair of curves. 
For a clearer contrast of the two experiments with Rir, see Journ. Pharmacol. and Exp. 
Therapeutics, 1922, 20, pp. 293 and 294, figs. 17 and 18. 
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was sometimes reduced to approximately the same level as that of the blood. 
The two cases in which this became evident appeared to be quite irregular 
and to result from a dried-out condition of the subject. 

The fact that the alcohol concentration in the urine, in spite of various 
changes in the volume of urine excreted, maintained such relationship to 
the alcohol concentration in the blood as is demonstrated in the composite 
charts, figures 37 and 38, appears to justify the use of urine samples as 
representative of the changes in alcohol concentration taking place sub- 
sequent to the ingestion of a dose. Both the period of rise in concentra- 
tion and the time of reaching the maximum are practically identical in the 
two curves for blood and urine. Why the concentration in the urine 
should be higher than that in the blood is still to be explained. The dif- 
ference in level is not, however, of such magnitude as is commonly found 
with other substances concentrated in the urine for excretion from the body. 
If ethyl alcohol were a substance commonly dealt with as is urea, then the 
concentration would probably be strongly affected by changes in diuresis. 
This we do not find to be the case, which confirms the results of certain 
experiments made by Widmark.* We are dealing here with samples of 
venous blood, whereas the alcohol in the urine is secured from the arterial 
blood. Since ethyl alcohol is a substance readily utilized, the concentra- 
tion is probably somewhat higher in arterial than in venous blood. It is 
therefore possible, but still undemonstrated, that the alcohol in the urine 
may be at the same level as the concentration in the arterial blood. Should 
this subsequently be proved, urine samples are obviously ideal for use in 
alcohol experiments, particularly in those experiments designed to investi- 
gate the influence of this substance on the central nervous system. Mean- 
while, and wholly as a result of the comparison given here between urine 
and venous blood, it would appear that the urine samples supply a satis- 
factory index of the changes due to the absorption and utilization of alcohol 
that take place subsequent to the drinking of a single portion. 


INDIVIDUAL DIFFERENCES IN ALCOHOL CONCENTRATION IN URINE. 


In commenting on tables 54 and 55 attention was called to the variations 
between the different individuals who served as subjects. That these indi- 
vidual variations may be made directly more comparable and convenient 
for comparison, the analytical results for the left-hand portions of tables 
54 and 55 have been plotted in figures 39 and 40 for blood samples and 
urine samples separately. 

The two charts show (1) the general difference in level between the con- 
centration of alcohol in the urine and in the blood. From them it may also 
be found (2) that the divergences between the subjects are approximately 
the same, percentagewise, for the urine as for the blood, since the urine 
curves are at a higher level. (3) The divergences or individual differences 
are most marked during the period 15 to 45 minutes after ingestion, i. e., 
just before the maximum alcohol concentration, and lessen thereafter. (4) 
With all of the nine subjects, the alcohol in the urine at the 120-minute 
period is somewhat lower than in the earlier periods, but this is not true 


* Widmark, Skand. Arch. f. Physiol., 1916, 33, p. 85. 
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for the blood alcohol, as with four subjects (Rir, Jem, Sut, and Hic) the 
last blood samples have the highest concentration of any examined, In the 
half hour after the 120-minute interval, several of the subjects show a defi- 
nite drop in the urine alcohol.* (5) The subject, Faf, who had never taken 
alcohol before, is the one who shows the highest concentration in the urine 
in the early part of the experiment, but in the plotted blood results Kac 
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Fic. 39.—Concentrations of Alcohol in Venous Blood. 


is above Faf. (6) The one typical habitual drinker, Cef (see tables 54 
and 55), and the occasional heavy drinker, Sut, appear to absorb and 
utilize the dilute alcohol in much the same way as the very moderate 
drinkers. (7) There is a positive correlation between the individual results 
for blood and urine samples, as, on the basis of general level rather than of 
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Fia. 40—Concentrations of Alcohol in Urine. 


isolated points, the subjects with high concentration in one also show it in 
the other. Although several of the men had given blood samples previous 
to engaging in these experiments, none of them had served in an experiment 
in which successive blood samples were desired, especially when urine sam- 
ples were required as quickly as possible after the withdrawal of the needle 


ee ee 

® These samples at the very end of the experiment were of course somewhat irregular. They 
were taken as opportunity afforded if the subject remained at the Laboratory somewhat 
beyond the time when the actual experiment had been finished. 
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from the vein. In some cases these conditions undoubtedly caused some 
urine retention and probably modified the results. 


AtcoHoL-URINE Resutts UNACCOMPANIED BY Buioop TEsTs. 


As is indicated in the chronological outline, table 57, page 223, after the 
two preliminary days each subject served on two days when a dose with a 


TaBiE 56.—The concentration of alcohol appearing in the urine at intervals after the 
: ingestion of 27.6 grams of alcohol in 1 liter of beverage. 
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Subject. Date. | Alcohol per c. c. of urine after— Total | Total Propor- 


tion of 

urine | alcohol loohol 

aon oe alcoho: 
35 65 95 25 ex- 

min min min. min. creted. | creted creted 

1921. mg. mg. mg. mg. CoG mg. p. ct 
Bafere ier June 29 | 0.36 0.52 0.47 0.38 1,038 463. iif 
June 30 43 .59 .49 .39 1,021 503 1.8 
Avg. .40 .56 .48 .39 1,030 483 1.8 
Komiearee June 2 15 eye .42 .36 797 300 roe 
June 3 .19 43 43 .35 988 396 1.4 
Avg. ale .40 .43 .36 893 348 1x3 
Hiceaaa June 10 .29 44 .44 Al 1,124 468 a ed 
June 11 .26 .46 46 .39 1,114 463 F leaf 
Avg. . 28 45 -45 .40 1,119 466 art 
A 4 Ge June 16 24 43 .54 .54 696 324 1.2 
June 17 . 24 48 .53 -51 669 328 be 
Avg. 24 .46 .54 .63 683 326 12 
Sully aes June 29 25 .44 47 .42 1,042 429 1.6 
June 30 23 .44 48 42 1,036 436 Beso! 
Avg 24 44 48 42 1,039 433 1.6 
Rinses oes July 8 17 .389 .40 35 496 183 7 
July 11 14 35 .41 42 574 214 8 
Avg 16 37 41 39 535 199 8 
Sittaaeer Oct. 14 28 69 .69 64 761 500 1.8 
Oct. 20 36 53 47 41 851 388 1.4 
Avg 32 61 58 .d3 806 444 1.6 

1920. _—— | | | |] |} 
Mow..... Dec. 9 21 43 .41 39 810 373 1.4 
Dec. 10 22 44 .43 40 1,047 519 1.9 
Avg 22 44 42 .40 929 446 1.6. 
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. volume of 1,000 c. ¢. was consumed which contained 27.5 grams of alcohol, 

and on two other days when the same volume of non-alcoholic beverage was 
consumed. In these later experiments only urine samples were taken, and 
these at 30-minute intervals; therefore the bladder was each time more 
satisfactorily emptied than in the earlier experiments when the period of 
secretion was shorter. The subject urinated at the beginning of the experi- 
ment. At the end of preliminary period 2 the bladder was again emptied, 
this urine on the alcohol days being taken as the normal. Urine samples 
were then invariably taken on the four days at 35, 65, 95, and 125 minutes 
after complete ingestion of the 1,000 c. ¢. dose. The general data for each 
subject and for the individual experimental days are gathered together in 
table 56. While urine samples were taken in the control experiments, they 
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Fic. 41—Concentrations of Alcohol in Urine in Later Tests. 


were not analyzed, and only the total volumes of urine excreted within the 
2 hours following the control dose are here recorded. These data are given 
in the right-hand section of the table, together with the dates of the 
experiments. In the left-hand portion of the table, the alcohol content of 
the various urine samples is recorded for the respective intervals following 
the ingestion of the alcohol. Each record in terms of milligrams per cubic 
centimeter of urine is an average of two or more analyses of the same urine 
sample. The total volume of urine is given, also the total number of 
milligrams of alcohol excreted in this volume of urine, and finally, the 
percentage of the ingested alcohol (27.5 grams) which was excreted through 
the urine in the 2 hours during which the experiment continued after the 
drinking of the alcohol dose. The 8 men show averages of 0.25, 0.46, 0.47, 
and 0.42 mg. per cubic centimeter at the various intervals of 35, 65, 95, and 
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125 minutes following drinking. If these average values be plotted midway 
for the periods of urinary secretion which they individually represent, it 
will be observed that the curve so resulting would almost superimpose on 
the urine-alcohol curve given in figure 37 for the earlier observations, when 
both blood and urine samples were taken. 

When the results for the subjects are compared, the individual differences 
are clear, as was likewise found in the curves for the earlier observations 
grouped in figure 40. These differences may be studied conveniently in 
figure 41. The scale for time on the abscissa is somewhat condensed in this 
figure in comparison with that in figure 40. As previously found, the curves 
for Faf and Jem indicate a higher alcohol concentration and those for Kom 
and Rir a lower concentration than the average. These individual differ- 
ences will be discussed later in connection with the numerical statement for 
the effect of alcohol as shown by the various neuro-muscular tests on the 
different men. The point to be emphasized here is that the results for 
urine alcohol found with samples taken at intervals of 30 minutes closely 
agree with results obtained at shorter intervals and when the urine samples 
were taken in connection with venous-blood samples. In later charts 
showing the influence of alcohol on the various neuro-muscular measure- 
ments, the average results for urine alcohol of the 8 men in table 56 have 
been plotted for general comparison with the intensity and time relations 
of the alcohol effect. 


Urinary Output AFrrer Dinutr ALCOHOL. 


On the average the total amount of urine excreted in the 2 hours which 
comprise the four experimental periods following the dose was 879 ec. e. 
The total amount of alcohol that escaped utilization in this period by way 
of excretion through the urine averaged 393 mg. of the 27.5 grams ingested, 
or a little more than 1.4 per cent. With ten preliminary experiments in 
which both blood and urine samples were collected and a dose of 1,000 ec. ec. 
containing 2.75 per cent alcohol was taken by the subject, the total urine 
excretion averaged 669 c. c. and the alcohol excretion averaged 286 mgm., 
or approximately 1.0 per cent. The earlier average was, however, con- 
siderably influenced by two experiments in which the urine volume was very 
small, this being in both cases less than 230 c. c. with an alcohol excretion 
well below 0.5 per cent, whereas in the later experiments given in table 56 
the alcohol excreted ranged from 0.7 to 1.9 per cent. 

The problem of alcohol elimination through the urine has been discussed 
by a number of writers." If the elimination found with our experiments 
within 2 hours is somewhat greater than others have recorded, the condi- 
tions of dosage and sampling may possibly account for this discrepancy. 
We have used a relatively small amount of alcohol in dilute form and 
without food. The diuresis was comparatively large, there was only a 
moderate amount of physical exercise, and the urinations were so frequent 
that the opportunity was relatively slight for the alcohol to be reabsorbed 
from the bladder into the blood-stream. It is improbable that the indi- 
vidual differences in alcohol effect on various subjects can be credited to the 


? Miles, Journ. Pharmacol. and Exp. Therapeutics, 1922, 20, p. 305. 
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differences in alcohol elimination shown by the various men. At least, the 
urinary elimination is too small an amount of the total to be considered as 
a factor in our experimental results with dilute beverages. 

From the Volhard* test for kidney efficiency, it has been found that 
healthy individuals usually excrete within 2 hours more than half of the 
liquid ingested. In our experiments, the average volume of liquid following 
the non-alcohol dose was 766 c. c. for a 2-hour period, with a range in the 
16 control experiments from 428 to 1,105 c. c. of urine. Pairs of experiments 
on the same subject agree well as to the amount of urine eliminated. For 
example, Kom, whose excretion on May 28 (428 c. c.) was smallest in 
amount of any of the subjects, had in his other normal experiment a total 
excretion of 496 c. c., while Hic, with 1,105 c. c. on June 13, gave 944 ¢. c. 
on June 9. The average volume of 879 c. c. following the alcohol dose is 
about 15 per cent larger than that found when the dose did not contain 
alcohol, and may possibly be considered as a diuretic effect of the alcohol. 
When the 16 pairs of alcohol and control experiments on the horizontal 
lines in table 56 are compared directly, 12 indicate a larger total urinary 
volume following the alcohol experiments. Sut, the occasional heavy 
drinker, is an exception in both pairs of experiments, and Jem and Mow 
each show in the first pair slightly larger volumes following control solu- 
tions. However, Mow, with whom many series of individual experiments 
were made, characteristically gives the same effect of alcohol on the urinary 
excretion as is demonstrated for the group as an average. (See table 52, 
Dolio.) 

Rosenfeld,” in a summary of the literature up to 1901, appears to show 
that especially dilute alcoholic solutions exercise a diuretic influence. 
Januszkiewicz,’ in experiments with such solutions, found increases of 
from 25 to 40 per cent in the volume of urine excreted during the 6-hour 
period. There are objections, at least theoretically good, to comparing beer 
or ale with water and assuming that the increased diuresis is due only to the 
ethyl alcohol. Very probably other constituents in these common alcoholic 
beverages may be of influence in this connection. In the experiments we 
are reporting here, the ingested solutions were identical in volume and in 
constituents with the exception that one contained 27.5 grams of alcohol. 
The diuresis is supposedly due to an increased and early absorption of water 
along with the alcohol. No discussion was ever indulged in with any of the 
subjects as to the possibility of an increased diuresis following the alcohol 
and no subject, at least at the Laboratory, ever mentioned the matter. It 
was a wholly secondary consideration in planning and carrying out the 
experiments, but since the volume of the ingesta, the time relations, number 
of urine samples, and the insistence upon complete emptying of the bladder 
were the same throughout, the trustworthiness of the results may perhaps 
be even greater than if obtained for the direct purpose of testing the ques- 
tion of diuresis.’ 

@ Volhard, Handbuch d. inn. Medizin, 1918, 3, part 2, p. 1197. 

> Rosenfeld, Einfluss des Alkohols auf den Organismus. Wiesbaden, 1901. 

¢ Januszkiewicz, Zeitschr. f. Biol., 1911, 56, p. 401. 

4 In the typewriting series discussed in Chapter II, in which the total volumes of both the con- 
trol and the alcohol doses were always small (200 c. c. or less), the protocols show that in 


several of the alcohol experiments the subjects had to be excused for urination about an 
hour after the dose, but this was never necessary in the control experiments. 
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Conciusions REGARDING CONCENTRATION OF ALCOHOL IN BLoopD AND URINE. 


Before presenting the results for the influence of dilute alcohol on the 
neuro-muscular efficiency, our conclusions from comparisons of the alcohol 
concentration in blood and urine may be stated as follows: 

(1) The alcohol concentration in venous blood and urine after taking 
27.5 grams of absolute alcohol diluted to 1,000 c. c. or 100 c. c. is not identi- 
cal in the first 2 hours after ingestion. The alcohol content of the urine is 
invariably higher than that of the blood, even from the beginning. From 
40 minutes to 2 hours after ingestion this greater concentration in the urine 
is approximately 40 to 50 per cent higher than that for the whole blood 
and 20 to 25 per cent higher than that for the plasma. 

(2) When the same weight of alcohol is taken in two widely differing 
concentrations (2.75 and 27.5 per cent), the more concentrated beverage 
produces definitely a higher concentration in both blood and urine than is 
found with the dilute beverage. 

(3) Different subjects vary considerably in the concentration of alcohol 
appearing in the body fluids following the same dose, but if the concentra- 
tion is high in the blood, it is found to be high in the urine also. 

(4) The content of alcohol in the urine is not particularly influenced by 
the amount of urine excreted; therefore the process seems to be one of 
diffusion rather than that of concentration of alcohol for excretion. 

(5) The fact that the alcohol content of the urine is not the same as that 
of the venous blood, but 40 to 50 per cent higher, leads to the question still 
unanswered as to whether the urine content may not reflect the alcohol 
content of the arterial blood, in which case urine samples would apparently 
be ideal for comparison with the numerical sequence of alcohol effect on the 
central nervous system. 

(6) While the alcohol concentration in the urine is not identical with 
that of the blood, still the time relations of the two curves show marked 
similarity in period of rise, time of maximum, and, to a less extent, in the 
beginning of fall. This being true, the urine-alcohol curve may be usefully 
compared with objective measurements of the alcohol effect, with some 
possibility of correlation of the intensity of the alcohol effect with the 
height of concentration and of the increase and decrease of the effect with 
the increase and decrease of the alcohol concentration. 

(7) The urine alcohol results also indicate that the excretion of unused 
alcohol through the urine is not sufficient to account for individual differ- 
ences in the effect of alcohol upon the subject, since in all cases the amount 
thus excreted within 2 hours after ingestion is somewhat less than-2 per 
cent of that which has been ingested. The volume of urine after dilute 
alcohol is found to be increased. 


INFLUENCE OF DILUTE ALCOHOL ON NEURO-MUSCULAR 
EFFICIENCY OF A GROUP OF EIGHT MEN. 


The general chronology of the experiments with the various subjects, the 
time of day when the experiment began and ended, the amount of time 
elapsing between the last food ingested and the taking of the alcoholic or 
the control beverage, also the samples collected—either blood and urine or 
urine only—are shown in table 57. The total volume of the dose and the 
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TaBLE 57.—The chronology and general data for the experiments with dilute alcohol on a group of 
young men subjects. 
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Time Concen- 
Type of | Experi- | Experi- | between Samples Total tration 
Subject. Date. experi- ment ment dose for volume | of alco- 
ment. began. | ended. | and last analysis.” of dose.?| hol by 
food." weight. 
1921. p.m. p.m. hrs. Gnee p. ct. 
Lap A Sete tee May 20 | Alcohol®| 1545™ | 45509™ 634 | Blood and urine.| 1,000 2.75 
wURer |. 7. Doe. ! 1.45 405 Cra 2248 Dowtesaee 100 2d 
June 28 | Control.| 100 403 6% Urine sept TOOO Sateen 
June 29 | Alcohol.} 100 418 CLG eel DO ern aca 1,000 2.75 
W11E530) |... Po...) 61 00 415 C260) Lee Dor sa ccee eee 1,000 2.75 
July 1 | Control.} 105 4 20 O26 DO's Sedaretiea 1 OOO ter an ens 
Kom ences May 25 | Alcohol} 100 418 6 Blood and urine.} 1,000 2.75 
May 27 |...Do5..| 100 4 50 Cheer iiceest.s2 Domes x 100 27.5 
May 28 | Control.| 12 40 3 45 6 IUrin oper tte eet J OOOM | Paeteaeio. 
June 2 | Alcohol.| 12 45 4 00 SoG IS DOs epee ee 1,000 2.75 
JUNe “G |5..ots.| 12:40 3 45 4 a2 LOM trees Se 1,000 2.75 
June 4 | Control.| 12 30 3 45 6 cit D open hy maa tree Be 0018 ea a eee ee 
Kate... May 31 | Alcohol} 1 00 416 6 Blood and urine.| 1,000 2.75 
Eige: vene June 6 | Alcohol>| 12 50 5 10 64 Blood and urine.| 1,000 2.75 
Jne8)|5..Do08s.| 2.1: 00 4 03 B34 \0 «| ese rs Doge 100 2725 
June 9 | Control.}| 100 415 6 iWirines Ate. 2.7. VS 0002%)|e. seer 
June 10 | Alcohol.| 100 415 6 sit D Te) a kee eaten PS 1,000 PA Oh 
gune 11 |.,:.Do...] 100 415 6 PLO ar te aah aers 1,000 2.75 
June 13 | Control.| 1 00 4 45 6 DO. regs ae 1 OOO 9) hea. Bere: 
a.m. 
Jem ntt: June 13 | Alcohol®| 8'30™ | 12 05 710 Blood and urine.| 1,000 2.75 
p.m. 
June 14 |...Do.5..| 12840™ | 400 bee Boe ors Doster 100 27.5 
June 15 | Control.} 100 415 5% TINS ee eae 1; QUO Ga eertercecta na: 
June 16 | Alcohol.| 100 435 AEG MLO eeicerrere oe 1,000 2.75 
Jane 17 |22. Do.521 1100 4 30 PCY ig ml lead B Yo ae A 1,000 DART ASS 
June 18 | Control.| 12 00 3 25 18 LORS «4.0 hte 1 GOOK MN eiresees ats. 
a.m. 
Salle bee June 16 | Alcohol®| 830™ | 12 10 1414 Blood and urine.}| 1,000 2.75 
June 20 |...Do.5..} 910 12 41 1D dro | ieee Dome 100 27.5 
a.m. 
June 27 | Control.| 845 | 11555™ | 715 Urine cueseaet 10008 heen ner. 
June 29 | Alcohol.| 8 35 11 50 715 IB Yor, sty Aap nee 1,000 2.75 
June 30 |...Do...} 835 11 59 15 3 sd OneNeY s Rusistets. te 1,000 ince 
July 1 | Control.| 8 30 11 50 15 “el BY oe AcemaG eure ADUOL see naeaee 
p.m. p.m. 
Ieee Geno July 58] Alcohol’ 1200™ | 4550™ 61% | Blood and urine.| 1,000 2B) 
July, 6 ||...Do05..| 1.00 4 23 Gi cha cats NDYow Sie A ae 100 27.5 
July 7 | Control.| 100 4 00 6% Wirine para chairs oe TP OOO Mell epee toreneres 
July 8 | Alcohol. 105 4 00 Clarence OR Meteo eer 1,000 2.75 
July? 114... Dos.) -1:00 4 00 oe ame | baa Locos seerrinces 1,000 2:75 
July 14 | Control.| 100 4 30 Giger lee O7 ee tne: TeOOOE eee 
July 198| Alcohol.} 105 4 30 614 Blood and urine.| 1,000 2.75 
Gel sae mruct July 13 | Alcohol®} 100 5 20 6% Blood and urine.| 1,000 200 
Julyelb2\1.20e. bat OO 5 00 LYE ERE eo Do....... 100 27.5 
Suteateey: Sept. 27 | Alcohol®| 2 30 5 50 234 Blood and urine.| 1,000 2075 
Sept. 30) |= 7. Doe,.|) 140 4 56 ame ein Mele as Lowes sim 100 27.5 
Oct. 10 | Control.| 315 | 615 S87 A lirine #210), fac 1.000% 44 mas 
Oct. 14| Alcohol.| 315 | 625 SAA Don ned cde 1,000 2.75 
Oct. 18 |...Do...| 315 6 30 S171 ee al OYo ye Atelier, Rese 1,000 2.75 
Oct. 21 | Control.| 3 00 5 58 3 We Al Doe oo Aes 1 OOO ese oe: 


For explanation of reference marks, see footnotes on following page. 
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TasiE 57.—The chronology and general data for the experiments with dilute alcohol on a group of 


young men subjects—Continued. 
Time Concen- 
Type of | Experi- | Experi- | between Samples Total tration 
Subject. Date. experi- ment ment dose for volume | of alco- 
ment. began. | ended. | and last analysis.” of dose.*| hol by 
food.! weight. 
1920. p.m. p.m hrs. Cnc p. ct 
Mow...... Dec. 8 | Control.| 100 415 2 Urmerecsas-oce 1,000) joo S04 
Dec. 9 | Alcohol.} 100 415 2 Do wocteenccee 1,000 2 iD, 
Mees 10) |e... I02ee18 2.00 415 2 Dol sehte buck 1,000 2.75 
Dec. 11 | Control.} 100 415 2 Dotan aces 1,000 {Secon 


1 Food taken before coming to the Laboratory. 

2 Blood samples from an arm-vein were taken 20, 40, 70, and 120 minutes following ingestion of dose. A urine sample 
was obtained within 2 minutes after the taking of a blood sample, and other urine samples were interspersed. 

8 The 1,000 c. c. dose always contained 300 c. c. of grape juice, to which, on alcohol days, 37 c. c. of our ethyl-aleohol 
solution (91.28 per cent by weight) were added and this diluted with water to a total volume of 1 liter. The 
100 c. c. dose contained 50 c. c. grape juice, 37 c. c. of alcohol solution and water. The amount of alcohol was 
thus the same with both volumes. 

4The amount of alcohol in the dose on alcohol days, regardless of concentration, was always 27.5 grams. 

5 Except with Mow, the first and second experiments with each man were to provide preliminary practice in the psycho- 
logical measurements and an opportunity to compare the alcohol concentration of blood and urine samples. 

6 Kac had to leave the city following the experiment and the series could not be continued. 

7 Subject came in post-absorptive condition, i. e., with no food since the night before. 

®8On July 4, Rir engaged in a large amount of physical exercise, therefore the experiment of July 5 was repeated on 
July 19. 

9 Cef broke his ankle on July 16 and the series of experiments could not be continued. 


percentage of alcohol by weight are likewise included in this table; the 
weight of alcohol in the dose was invariably 27.5 grams. Two of the sub- 
jects for whom data are given in the table (Kac and Cef) were not able 
to complete the series. Except in the experiments with Sul, the observations 
were always made in the afternoon, and quite uniformly covered a little 
more than 3 hours. The amount of time which elapsed between the pre- 
vious food and the taking of the dose was never less than 2 hours. In 
Mow’s case the food was uniform and consisted of four small crackers, 
with a small portion of conserve on each. One subject, Sul, came to the 
Laboratory in the post-absorptive condition. Likewise, in the last experi- 
ment with Jem (the control experiment on June 18), the subject was in the 
post-absorptive condition. This, while undesirable, was necessary to accom- 
modate other plans made by the subject. 

The routine previously discussed of collecting samples of both blood and 
urine on the first two days is clearly indicated in the table. As already 
brought out, these days were preliminary and for practice purposes only so 
far as the neuro-muscular tests were concerned. Their results are there- 
fore not included in the grouping of the data in subsequent tables. 

Regardless of some variance in body-weight, the men received the same 
alcohol dosage, both as to the weight of absolute ethyl alcohol employed 
and the total volume to which it was diluted. The amount of alcohol given 
and the particular dilution used were fixed upon rather arbitrarily after 
the many preliminary experiments on Mow. The weight of alcohol 
(invariably 27.5 grams) was well within what has been commonly con- 
sidered a moderate dose and was 10 per cent larger than the small dose 
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used by Dodge and Benedict.” The volume selected (1 liter), although 
fairly large, can usually be taken easily within 10 or 15 minutes by any man 
of usual adult size. 

The program of neuro-muscular tests has been outlined and the various 
techniques briefly described in the fore part of this chapter (p. 204); more 
detailed descriptions are given in Chapter I, particularly for some of the 
techniques. We may therefore proceed directly to a consideration of the 
alcohol results for the different measurements. 


Puubse-Rater. 


In the two initial periods of each day, the three measurements, patellar 
reflex, skin temperature, and pulse-rate, were taken at the end of the period. 
This appeared to be a more favorable time to secure the necessary relaxa- 
tion than the beginning of the period, as was the routine after the dose was 
taken. (See p. 204.) The diluted alcohol or the control dose was therefore 
given immediately after the recording of the pulse-rate in period 2, except 
that the subject urinated before he drank the beverage. Following the 
ingestion of the liquid, the subject sat down in the steamer chair and 
remained quiet for 5 minutes. Then the third period was begun with 
measurements of the patellar reflex, the skin temperature, and the pulse- 
rate. At the end of period 6, after urinating, the subject again returned to 
the steamer chair and sat quietly for some time before additional and final 
observations were made of both the skin temperature and the pulse-rate. 

The pulse data, as given in terms of pulse-rate per minute (see p. 10 
for the technique), are presented in table 58. As previously explained, the 
routine with each subject was the same (see p. 204); therefore the results 
of the two alcohol days have been averaged for each subject for comparison 
with the average results of the two control or normal days for the same 
subject. Table 58, whose arrangement is typical of the tables which 
follow, is divided into sections according to the captions in the left-hand 
column of “Control,” “Alcohol,” and “Effect of alcohol.” In the section 
designated as “Control,” the average data for each individual for the 
two days with the non-alcoholic dose have been given by periods. For 
example, in the case of Faf, under preliminary 1, the value 65.2 is an average 
of results obtained in the first period on both normal days. Since on each 
day there were three or more counts in each period, this figure represents 
an average of at least six pulse-counts taken at the end of the first pre- 
liminary period. Likewise, 64.5 entered under preliminary 2 is an average 
representing counts taken on both days at the end of period 2, and just 
prior to the drinking of the non-alcoholic control dose. The position of the 
dose is indicated by the double line. The four pulse-rates, 62.5, 61.3, 62.9, 
and 66.3, which are entered respectively under columns 3, 4, 5, and 6 in the 
same line, are all averages for the two control days, and each observation 
was made near the beginning of the period which it represents. The addi- 
tional pulse-count which was taken following period 6 is entered in the 
column headed 7, and is also an average for both days at this point. 
Finally, in the column headed “Average after dose,” we find 63.4, which is 
the average of the five values which succeed the taking of the control 


* Dodge and Benedict, Carnegie Inst. Wash. Pub. No. 232, 1915, p. 30. 
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dose. In the alcohol section of the table there is a similar line of averages 
for Faf. The first two averages, of course, represent normal conditions, as 
they were preliminary to the taking of the alcohol. In each case the 
counts were made at the end of the respective periods. Following the 
alcohol, the pulse-counts were made near the beginning of the period except 
for the last count, an average of 65.7, which was made at the end of the 
experimental session. 


Taste 58.—The pulse-rate of a group of 7 men as influenced by the ingestion of 1,000 c. c. 
of 2.76 per cent alcohol. 


Pulse-rate per minute at successive half-hour periods. 


Subject, and type of | Average 
experiment. Preliminary. | Following dose. after 
dose 
Control: 
ea h4; ieteers ee 65.2 | 64.5 62.5 61.3 62.9 66.3 64.2 63.4 
KOM sachet eeconar resi? 4620)\0¢3,0 64.8 66.6 70.3 73.6 i Bee =) 69.4 
Ei Gh oe ste eee meer atatere 65.8 | 63.1 ileal 61.5 66.7 61.5 60.3 62.2 
JOM ee ee ee 62.2 | 60.1 57.4 a (ars 57.6 58.8 57.2 57.7 
Sullvtes) £2 racer c 74.4 | 72.9 72.8 75.0 74.4 76.2 71.0 73.9 
MRD ee ents (ederotetoraa teen 60.0 | 62.9 56.2 60.0 62.0 58.9 58.9 59.2 
SUbeerere sce oh cies 76.1 | 74.8 63.7 64.7 68.2 Gi Bet | 64.9 66.5 
Averages.......... 68.6 | 67.3 62.6 63.8 66.0 66.6 64.0 64.6 
Differences........ (68.0) — 5.4) —4.2} —2.0] —1.4] —4.0| — 3.4 
Alcohol: 
als ccitenvcd tear cen ee 63.2 | 62.0] 63.2 65.5 64.0 68.0 65.7 65.3 
Kom tds aco eons 76.8 | 73.0} 69.8 75.8 74.2 74.5 75.0 73.8 
1 a beeen cuca chee 57.9 | 58.3 | 61.0 64.9 Y pas} 69.0 66.3 66.7 
DONG iets, cratccsteseceaniee eran 60.9 | 62.3 | 58.6 65.3 67.0 66.5 66.6 64.8 
Sule eee tee oF 70.1 | 71.4 | 74.5 LA OAS 77.0 75.6 72.4 75.3 
AAD, HECTIC Gane akc 57.4 | 58.0 | 54.5 57.6 58.1 60.1 59.9 58.0 
Ub. 5 cedar ee tanta wk tae eRe ey @ Pea} 63.0 75.3 78.1 t2:3 71.0 71.9 
AVOTAZOS ES Fae-wc 5 srs 65.9 | 65.2 63.5 68.8 7051 69.4 68.1 68.0 
Differences........ (65.6) =— 251 yo4-3.2 + 4.55, + 3.8) +25 5-24 
Effect of alcohol: | 
Differences for group..}|......1...... i +3.3| + 7.4] +6.5| +5.2}] +65] + 5.8 
Per cent for group.... (66.8) + 4.9] 411.1} + 9.7] + 7.8 | + 9.7] + 8.6 
Per cent for individuals 
At ewan taro tineral Gece bee ee f + 4.7) +10.2] + 5.3] + 6.3] +6.0] + 6.5 
Qos Ne core leet coRat| Peattecl tal ai teeouenc + 6.4] +12.0| + 4.9} +0.9] + 4.0] + 5.6 
Hig Age ae. o aal Pete: 2 laa 1 +10.3 | +16.0 | +19.6 | +22.7 | +20.2 | +17.8 
DOV pragma reat soci eae meee etontomne 1} + 1.3 | 411.7 | +14.7 | +11.9 | +14.7 | +10.9 
Sul EP seta Suite taeda) tenes rl Russa Pate r+6.4]/ + 7.2} +7.6] + 3.2] + 5.9] + 6.1 
RIP se Pe ae We So eeehionen 7 + 3.5) + 2.38] —0.2| + 8.4] + 8.0] 4+ 4.4 
Sutcsetaaciren ace | aunt oe eel + 2.6} +17.8 | +16.8 | + 5.1 | 411.7 | 410.8 
Average per cent...|......]...... } + 5.0} +11.0] + 9.8] + 8.3 | +10.1 |] + 8.8 


The alcohol effect has been computed by the method of differences, as 
was done for Mow in Chapter V. (See p. 46.) The use of two preliminary 
periods instead of one has been adopted throughout this later series with 
dilute alcohol in the belief that an average of these two periods in each 
case would probably more nearly satisfy our object of securing a reliable 
normal of the day in the case of each measurement. Therefore, throughout 


the discussion of these data, the results are presented only by the method 
of differences. 
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Since each subject contributes to table 58 the same amount of data, and 
the time relations, the total length of the experiment, and the dosage were 
also very closely the same with all of the men, the whole group of results 
may be averaged. Thus, for the control preliminary 1, the average for the 
7 subjects shows a pulse-rate of 68.6 beats, while the average for preliminary 
2 is slightly less (67.3 beats per minute). Following the taking of the 
control dose, the rate falls at first somewhat more than 4 beats per minute, 
that is, to an average level of 62.6 beats. This definite fall is indicated with 
every subject except Sul, whose pulse-rate changed only from 72.9 to 72.8. 
In periods 4, 5, and 6 the pulse gradually increases from the low level found 
after the cool liquid was ingested, the average rates for these periods being 
63.8, 66.0, and 66.6. The average pulse-rate did not return to the level of 
the preliminary periods, even though the pulse-rate was taken at the ends 
of the preliminary periods, that is, after the subject had been quiet for a 
considerable time and not at the very beginning of the experiment. The 
average for the final pulse-count is 64.0 beats. This average decrease of 
2.6 beats per minute between the beginning and end of period 6 is probably 
because of the relatively greater relaxation which came at the end of the 
experiment, since the subject had nothing more to do but to sit in the 
steamer chair. He was sometimes allowed to sit quietly several minutes 
before the pulse counts were made. This decrease in pulse-rate between 
the beginning and end of period 6 (see records in columns 6 and 7) is 
evident with all of the subjects except Rir. The average for all counts 
following the control dose is 64.6 beats per minute. 

For the preliminary or normal value we use the average of the pulse- 
rates for periods 1 and 2, i. e., 68.0 beats. In comparison with this, the 
averages recorded in columns 3 to 7 indicate differences from normal of 
—5.4, —4.2, —2.0, —1.4, and —4.0, respectively, the average difference 
being —3.4 beats. The records following the control dose were character- 
ized by a decrease in the rate. This was most pronounced immediately 
after the taking of the liter of liquid (5.4 beats), and gradually changed 
until the pulse-rate was but 1.4 beats slower than the preliminary pulse- 
rate, although the very last record was 4 beats slower. 

On the 14 days which we have designated as alcohol days, the preliminary 
average pulse-rate for the 7 subjects in period 1 was 65.9 beats per minute, 
while for period 2 it was 65.2, the average normal rate in these preliminary 
periods therefore being 65.6 beats. This pulse-rate is 2.4 beats per minute 
slower than the average rate found in the preliminary periods of the 14 
non-alcohol days. After the taking of the beverage containing 2.75 per 
cent of alcohol, the average pulse-rate dropped to 63.5, which is only 2.1 
beats per minute less than the preliminary average. There was a quick 
recovery, with the result that for the last four counts we find values of 
68.8, 70.1, 69.4, and 68.1 beats. The average pulse-rate for the periods 
following the alcohol dose was 68.0 beats per minute. If these various 
averages are compared directly with those which were obtained after the 
taking of the control dose, it will be found in each case that the pulse- 
rates obtained after alcohol are higher. The contrast is even more pro- 
nounced if the levels in the preliminary periods for the two groups of days 
are taken into account. The differences between the average preliminary 
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and the pulse-rates after the dose on the alcohol days are in order of periods 
—2.1, +3.2, +4.5, +3.8, and +2.5, with an average for all differences after 
the alcohol of +2.4 beats. 

The effect of the alcohol is represented by the area between the two groups 
of differences. This quantity is obtained by subtracting the differences with 
the control dose from the differences with the alcohol dose which results 
in the following differences for the effect of alcohol, all with the same sign: 
+3.3, +7.4, +6.5, +5.2, +6.5, with an average of +5.8 beats per minute. 
That the effect of alcohol on the pulse-rate may be compared directly with 
its effect upon other measures, these differences are converted into terms 
of per cent, using as a basis the preliminary average rate obtained on the 
control days (68.0) and that on the alcohol days (65.6), thus obtaining the 
general average of 66.8 beats per minute. The results for the various counts 
following the taking of alcohol, which we have numbered 3 to 7 in the 
table, show the effect of alcohol in increasing the pulse-rate to be, stated in 
per cent, as follows: +4.9, AL 1, +9.7, +7.8, and +9.7, with an average 
of +8.6. 

In the lower portion of the table the percentage effect is given for the 
individual subjects, computed in the same way as those for the whole 
group. Since the preliminary values for each individual have, of course, 
been used in computing his percentage effect, the average of the individual 
results for the whole group will not exactly correspond with the average 
obtained by combining all the original data in one series. The most striking 
feature here is the preponderance of plus signs. There is, in fact, only one 
minus sign, that for Rir in period 5 of —0.2. Therefore, as indeed the right- 
hand column of averages following the dose clearly shows, with all 7 sub- 
jects the pulse-rate increased following the alcohol. The average change 
ranges from +4.4 per cent for Rir to +17.8 per cent with Hic. Three of the 
men show effects larger than 10 per cent, while the general average for all 
is +8.8 per cent. The individuality of the subjects is quite consistent 
throughout all of the periods; for example, Hic, whose average effect of 
alcohol is the largest, likewise indicates a large effect in all of the periods, 
these being, in sequence, 10.3, 16.0, 19.6, 22.7, and 20.2 per cent. The 
maximum occurred at the beginning of the sixth period, as was also the 
case with fir. Three subjects show the maximum effect at the beginning 
of the fourth period and two others at the beginning of the fifth, but when 
all are averaged, the predominant effect appears to be at the beginning of 
period 4, with +11 per cent, which decreases to +9.8, and +8.3 in periods 
5 and 6. 

As a means of visualizing these data for pulse-rate in a simple manner 
for comparison with the data for concentration of alcohol in the urine, the 
chart in figure 42 has been prepared. This chart is typical of those which 
will follow. The urine curve represents the average results which were 
found for all of the subjects used. These individual results have been 
presented in table 56 (see p. 218) and show 0.25, 0.46, 0.47, and 0.42 mg. of 
alcohol per cubic centimeter of urine at 35, 65, 95, and 125 minutes after 
the ingestion of the alcohol. These values have been plotted in figure 42, 
in each case at a point half way in the period represented by the collection 
of the urine sample. By means of a light line and open dots, the curve for 
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alcohol concentration in the blood has also been plotted for the two pre- 
liminary days on which the blood samples were taken. (See table 54, 
p. 212.) The scale at the left of the chart designated “mg. per ce. ¢.” refers 
to the urine and blood curves. On the abscissa are represented the time 
before the ingestion of the dose began and after the ingestion was finished, 
allowing 10 minutes for the drinking of the liter of liquid. The scale at 
the extreme left of the figure applies to the curves representing the group 
averages for the control and alcohol days, while the scale at the right 
refers to the curve for the percentage effect of alcohol on pulse-rate. The 
averages for the control days (i. e., those days with the non-alcoholic dose) 
are indicated by a broken-line curve, with open dots. The corresponding 
averages for the alcohol days are shown in a solid-line curve with open dots. 


60 30 35 65 95 125 


Fic. 42—Average Pulse-rate of 7 Men Following Ingestion of Very Dilute Alcohol 
(27.5 Grams in Volume of 1,000 c. c.). 


The contrast between the two series of averages for pulse-rate per minute 
is well brought out in the figure. Notwithstanding that the preliminary 
level for control days is somewhat higher than that on the alcohol days, 
the pulse-rates following the non-alcoholic dose are in all cases definitely 
lower than those following the alcohol dose, so that, wholly disregarding 
any preliminary values, it is clearly to be seen that the pulse-rate is faster 
following the alcohol. If the preliminary values are also considered, we 
obtain the curve designated “Effect,” with the scale at the right side of the 
figure. In this scale the zero is at the top and the divisions indicate plus 
percentages, that is, increased pulse-rate in terms of per cent.. The maxi- 
mum effect of the alcohol on the pulse-rate as obtained from the average 
results is found to occur 40 to 70 minutes following ingestion, when the 
urine and blood curves likewise indicate that the concentration of the 
alcohol was reaching its maximum. There was relatively little change 
following this point for the rest of the experimental session, the alcohol 
effect remaining approximately at 9 per cent. 
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These data for the effect of dilute alcohol on the pulse-rate are very con- 
sistent for all the subjects. They agree essentially with the results which 
were obtained in our typewriting experiments and in the series using rectal 
injection of alcohol during sleep. Furthermore, they substantiate the earlier 
results obtained in this Laboratory by Dodge and Benedict.* These authors 
pointed out that there is a gradual slowing of the pulse-rate during a 
3-hour experimental session and the alcohol effect which they observed was 
largely in the nature of a simple cancellation of this progressive slowing of 
the pulse-rate. Something of this may be observed in connection with the 
typewriting experiments. In experiments in which a liter of cool fluid is 
ingested at one time, a definite change is produced in the pulse-rate during 
the 30 minutes following. From this definite change there is a gradual 
recovery in the direction of an increase which appears to continue for an 
hour or an hour and a half. Apparently, however, the alcohol effect is 
present to some extent very soon after the ingestion of the complete amount. 
The pulse-record was taken at the beginning of period 3, i. e., approximately 
20 minutes following ingestion. Although there is some drop in pulse-rate 
due to the liter of fluid, there is still clear evidence that the level is above 
that found after the control dose and the increase in pulse-rate between 
periods 3 and 4 is larger after alcohol than following the control dose. 
Taken as a whole, these data show a more pronounced increase in pulse- 
rate as an alcohol effect than any which have previously been published 
from the Nutrition Laboratory. The alcohol not only counteracted the 
progressive slowing of the pulse-rate during the experimental period, but 
actually increased the rate above that found in the preliminary periods 
before the taking of the dose, so that the effect of quickened pulse-rate due 
to alcohol is absolute as well as relative. 

When the results are summarized for the effect of dilute alcohol on the 
pulse-rate in this series of experiments, it is found: 

(1) After the ingestion of 1 liter of non-alcoholic liquid taken at a tem- 
perature of 18° to 19° C., there is a definite drop in the pulse-rate within 
the following hour, amounting to about 5 beats per minute; thereafter the 
pulse gradually increases in rate, but does not fully return to the original 
level indicated by the records taken before the dose. 

(2) Following the taking of 27.5 grams of ethyl alcohol diluted to a 
volume of 1,000 c. c., with a temperature of 18° to 19° C., there is some 
drop in pulse-rate, but not so much as when the liquid is non-alcoholic. 
Subsequently there is a quick return to a level equal to or surpassing that 
found before the alcohol was taken, so that the pulse-rate is absolutely as 
well as relatively increased after the ingestion of alcohol. 

(3) Seven male subjects show increases in pulse-rates associated with 
the taking of alcohol, which amount to from 4.4 to 17.8 per cent, with an 
average of 8.8 per cent for the period of 2 hours following the ingestion of 
the alcohol. The maximum effect is from 40 to 70 minutes after ingestion 
and is somewhat over 10 per cent. Our pulse counts were not taken under 
so-called “basal conditions,” for the subjects sat in a steamer chair and had 
been mildly active 10 minutes before the counting. 


® Dodge and Benedict, Carnegie Inst. Wash. Pub. No. 232, 1915, p. 186. 
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(4) The occurrence of the maximum effect of the alcohol on the pulse- 
rate appears fairly synchronous with the highest concentration of alcohol 
in the urine. 


Skin TEMPERATURE. 


Seven skin-temperature readings were made in each experimental period, 
three on the face and in two positions on the back of each hand. One read- 
ing was made at each position. The points used were closely the same but 
were not marked. Only very light pressure was used in applying the junc- 
tion to the skin. The apparatus and technique are described on page 11. 

The three readings taken on the face were averaged together and, fol- 
lowing the method of treatment used for the pulse-rate data, the two normal 
days have been averaged for each subject, period by period; likewise the 
two alcohol days. In table 59, which is the same in form as that giving the 


TaBLE 59.—Skin temperature of the face at-various intervals after the ingestion of 27.5 grams 
of alcohol diluted to volume of 1,000 c. c. 


Temperature of face at successive half-hour periods. 


5 | Average 
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i is gi { i it has been for the other measurements 
1 1 effect in terms of per cent is given for skin temperature as i ents, 
are eae: however, that percentage change from the average temperature as a base is not an ideal 


means of stating the alcohol effect in this case. 
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results for pulse-rate, each of the 7 subjects is represented in all three sec- 
tions of the tables by one horizontal line of values giving the average tem- 
perature of the face. As would be expected, the temperatures range closely 
between 33° and 34° C. Similar values were found in connection with a 
previous study of undernutrition.* The average for the first preliminary 
period for the control day is 33.59° C., with a range between 33.14° C. and 
34.18° C., that is, a little over 1° C. For the second preliminary period, 
the average of 33.71° C. is slightly above that for the first. Following the 
ingestion of the liter of non-alcoholic solution, which was taken at a tem- 
perature of 18° to 19° C., 6 of the 7 men show a decrease in skin tem- 
perature of the face. The average, 33.55° C., is 0.16° C. below the average 
for preliminary period 2. The average for period 4 is still lower than that 
for period 3, but following this the temperature rose and the last three 
averages closely approximate those obtained in preliminary period 2. The 
average for the five sets of observations following the dose of control 
solution is 33.64° C. as compared with an average of 33.65° C. for the two 
preliminary periods. 

The preliminary averages for alcohol days are 33.60° and 33.56° C. for 
periods 1 and 2, with an average of 33.58° C. Following the ingestion of 
the liter of liquid containing 2.75 per cent of alcohol, there is first a drop 
of 0.13° C. from the average preliminary temperature, but from period 4 
onward the temperatures are absolutely higher than those found in the pre- 
liminary periods. The effect of alcohol, computed in terms of degrees in tem- 
perature change (see “Differences for group,” in table 59) is —0.03, +0.27, 
+0.29, +0.19, and +0.07° C. for observations 3 to 7, respectively. 

The results presented for the effect of alcohol in terms of per cent (a 
faulty method in the case of skin temperature) are fairly homogeneous’ for 
the different individuals. The plus sign, indicating increase in skin tem- 
perature, decidedly predominates. One subject, however, Sul, consistently 
shows a lower skin temperature after the alcohol, this decrease amounting 
on the average to —1.2 per cent. With the other subjects, the observations 
after the alcohol show an increase in temperature on the average, ranging 
from 0.2 to 1.8 per cent. The average for the individuals was the same as 
that for the group, i. e., +0.5 per cent. 

The group results in table 59 for the skin temperature of the face are 
charted in figure 43, together with the curves for alcohol concentration in 
the urine and the curve for alcohol concentration in the blood. The skin 
temperature of the face, irrespective of preliminary levels for control and 
alcohol days, was higher after the ingestion of the alcohol than after the 
control mixture, the curve showing the maximum change at the place corre- 
sponding in time to the maximum concentration of alcohol in the urine. 

In appraising this alcohol effect, the usual marked stability and narrow 
range of normal fluctuation in temperature should receive attention. In 
terms of degrees, the alcohol produced a maximum increase of 0.29° C. and 


SSE ne estan ATs SPOS. RA) ue ee eee) ee 
* Benedict, Miles, Roth, and Smith, Carnegie Inst. Wash. Pub. No. 280, 1919, p. 250, table 23. 
> Here we are measuring a physiological process on a physical scale, the zero of which is quite 

unrelated to the process measured. Had our temperature readings been taken in degrees 


Fahrenheit, the percentage alcohol effect would obviously have been smaller than it is on 
the centigrade acale. 
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an average increase of 0.16° C. The extreme range shown by table 43 
appears to be represented by Faf, in period 4 (control 32.68° C.) and Hic, 
in period 6 (alcohol 34.95° C.). This is a difference of 2.27° C. If this 
difference or temperature range is used as a base for figuring a percentage 
alcohol effect, then the maximum increase in period 5 would equal about 
13 per cent and the average an increase of near 7 per cent in the skin 
temperature of the face. 

The skin-temperature observations for both hands have been averaged 
and recorded in table 60. Each entry for an individual subject represents 
the average of two observations on the right hand and two on the left hand 
on two comparable experimental days, or the average of eight temperature 
readings. The results presented in table 60 and in figure 44 show pre- 
liminary temperatures for the hands which are approximately 1° C. less 
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Fig. 43—Average Skin Temperature (Face) of 7 Men Following Ingestion of 27.5 
Grams of Alcohol in 1,000 ec. c. Solution. 


The “effect” curve for per cent has been omitted from this chart. 


than those for the face in corresponding periods. There is a definite drop 
in the temperature between the two preliminary periods on both control 
and alcohol days, the only exception being the results for Hic in both the 
control and the alcohol tests and those for Rir in the alcohol tests. The 
drinking of the liquid causes a further fall in temperature, except for a 
slight rise in the alcohol tests with Kom. Beyond this, the temperature 
for the control days remains fairly constant at about 1° C. lower than the 
average preliminary. On the alcohol days, however, the temperature 
recovers from the fall immediately succeeding the ingestion of the liquid, 
and during the period from 65 to 95 minutes after the taking of the alcohol 
maintains a higher level than that of the average preliminary. The tem- 
perature of the hands 35 to 125 minutes after the alcohol is likewise higher 
absolutely than the temperature following the control solution. 

In terms of degrees, the alcohol effect on the skin temperature of the 
hands from the average of observations made after the dose is +0.73° C. 
(equivalent to 2.2 per cent for the group). The curves indicate that the 
maximal influence of the alcohol on the skin temperature of the hands 
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corresponds closely to the period of maximal concentration in the urine and 
is roughly four times as large as that shown for the temperature of the face. 
But it will be appreciated that the skin temperature of the hands is more 
variable than that of the face. One subject, Sut, indicated a consistent 
and comparatively very large negative effect. As the skin temperature of 


TaBLE 60.—Skin temperature of the hands at various intervals after the ingestion of 27.6 
grams of alcohol diluted to volume of 1,000 c. c. 


Temperature of hands at successive half-hour periods. 


: | Average 
Subject and type of Preliminary. | Following dose. after 
experiment. i Hose 
4 5 6 q 
Control: 3 fe om. eC: nCs SCs it 68 oc. af Ee 
HOE n Cree CRAMER yn Se esc 99 29.99 29.42 29.28 29.42 29.82 
FCOMserere ects one eet 06 32.98 33.19 Siu be 32.48 32.78 
1s Otc sty eRe cca ORROre A 75 32.23 33.51 33.12 33.21 32.76 
J OMaeyaevcede coger ee caer 51 29.12 291 1 28.74 28.87 29 27. 
Stiltner ees 53 31.23 31.82 32.16 32.26 31.80 
URubde ot. Oe D CRC E IC 19 34.43 34.11 34.16 33.92 33.96 
Suthers eee 14 26.35 25.62 25.03 24.92 26.01 
Averages:city.ccen cs 67 31.66 31.86 Si.77 31.69 31.73 
Differences...:..... 14 —1.15 —0.95 —1.04 —1.12 —1.08 
Alcohol: 
Wat orcas crac coro 56 30.49 30.37 30.29 29.66 30.27 
Komvacecne cits sores 01 ao.38 34.12 Sate e- 32 ii 33.10 
I EBV oy Se ee et ea 68 33.94 34.99 34.36 34.15 34.02 
OSC a0Ve ns PEMA RNG Alten ONS 19 28.99 30.58 31.48 31.10 30.47 
Sulbpasaec ater 64 32.13 32:75 32.12 31.65 32.06 
Ririiewsts rt treace oa. 86 32.76 33.51 33.40 32.89 32.88 
Sutlige ws ceme aires 80 27.73 28.09 27.39 26.69 27.94 
AVera ges). «% ccm. 49 31.95 ae cae 32.56 31.95 32.13 
Differences......... 99 —0.53 +0.24 +0.08 —0.53 —0.35 
Effect of alcohol: 
Differences for Group.sol|s sei eellcne ie .15 +0.62 +1.19 +1.12 +0.59 +0.73 
Per cent for group?.... H 5 +1.9 +3.6 +3.4 +1.8 4+2.2 
Per cent for individuals? 
OPN Sabra aE} Bin Ota ee Mamartvenn toes ear ta a et ag, +1.2 +2.6 +2.8 +4.0 +1.8 
Kom hati, See Cera OO enn eer as) ok +3.5 +5.1 +3.9 +1.7 +3.3 
1 8 OY erin Gea cet unl Cen oe teers 0 +2.4 +1.7 +1.0 +0.1 +1.0 
GGT, ao SOS OOe OAC knoe Saba ecadeah 2 +0.8 +5.9 9-0 +8.3 +5.0 
Sul gryseiels Cee cacti ae oe Bl hoe were 4 +1.0 +1.1 —1.9 —3.6 —1.0 
DRUID acre atte ci icancaee lance |e gtare ames 3 +2.3 +5.5 +5.0 +4.2 +4.1 
SUG ie ero etotall cesveruae oll ieteke ots A —8.2 —4.8 —5.1 —7.0 —6:5 
Average percent... ||... ss celen enous 4 +1.9 +3.7 +3.5 +2.5 42.4 


1 The data for Sut are in this case not included in the averages. 

2 The alcohol effect in terms of per cent is given for skin temperature as it has been for the other measurements. 
It is recognized, however, that percentage change from the average temperature as a base is not an ideal 
means of stating the alcohol effect in this case. 

his hands seems to have been abnormally low, his results have not been 

averaged in the group. Five of the subjects (see lower portion of table 60) 

show by the plus signs consistent increases in skin temperature of the hands 

following alcohol.* 


ee ee eee 

* von Wendt, Skand. Arch. f. Physiol., 1907, 19, p. 171, found a maximum rise of about 0.5° C. 
The effect was, however, of briefer duration than in our experiments. Probably von Wendt 
used a concentrated alcohol dose. The amount was 42 grams. 
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The effects of alcohol upon the skin temperature may be summarized as 
follows: . 

(1) Associated with the ingestion of 1 liter of non-alcoholic liquid at a 
temperature of 18° to 19° C., there is a fall in the skin temperature of both 
hands and face, which is considerably more marked in the hands. 

(2) Within 2 hours the skin temperature of the face recovers to approxi- 
mately the preliminary level, but that of the hands does not. 

(3) Following ingestion of 1 liter of solution containing 27.5 grams of 
alcohol, the recovery of the skin temperature from the fall is much more 
rapid than with the non-alcoholic dose. Both face and hands may reach 
the preliminary temperature level. The maximum effect of the ingestion 
of alcohol is an increase of about 0.3° C. in the temperature of the face and 
1.2° C. in the temperature of the hands. The average effect for the 2 hours 
after ingestion amounts, respectively, to 0.16° and 0.73° C. 
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Fic. 44—Average Skin Temperature (Hands) of 7 Men Following Ingestion of 27.5 
Grams of Alcohol in 1,000 ec. c. Solution. 


The “effect” curve for per cent has been omitted from this chart. 


(4) The change produced by alcohol on the skin temperature gradually 
increases as the concentration of alcohol increases in the urine, and reaches 
its maximum at or about the same time; subsequently it diminishes while 
the concentration is also diminishing slightly in the urine. 

(5) The consistent alcohol effect on the skin temperature demonstrated 
by the large majority of these men is thought to be important evidence for 
the physiological influence of dilute alcoholic beverages when considered in 
relation to the very limited range of temperature change which is normal. 


PATELLAR REFLEX. 


The stimulus intensity for each subject was the same throughout his series 
of tests. Only the reflex amplitude was measured. The latency is not an 
independent feature of the reflex, but is related to the amplitude of con- 
traction.* Its short duration makes it difficult to measure with exactitude. 
We have therefore omitted consideration of it here and rested the discussion 


@ Miles, Carnegie Inst. Wash. Pub. No. 266, 1918, p. 43. 
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entirely on the size of the reflex contraction. The kymograph paper moved 
at the slow rate of 0.5 mm. per second, hence the muscle contractions which, 
by the lever system, were magnified six times, appear as sharp spikes, the 
length of which can be accurately determined. 

As is well known, the reflex amplitude for the knee-jerk varies with 
different subjects through a wide range. The data presented in table 61, 
which, in this case, represents averages of approximately 50 reflexes, show 


TasLE 61.—The amplitude of the patellar reflex following the ingestion of 27.5 grams of 
alcohol diluted to volume of 1,000 c. ¢. 


Amplitude of patellar reflex at half-hour periods. 


7 Average 
eager e of Preliminary. Following dose. ree 
Control: mm. | mm mm. mm. mm. mm. mm. 
aL aces Aaetekinge thant 3.8 4.2 6.4 Sno) Bas 5.6 5.7 
OI, he eC oer bs: 13,50) L254 10.8 10.5 ae, 10.3 10.8 
Bhs tee hy SRG eRe Cie, can Cae 8 2.4 2e2 8.8 Ses 3.2 2.6 4.5 
Baler cree eee 10.8 | 11.5 24.3 Te Ss 12.0 10.4 14.8 
LER t poems eager de 9 Gili Sh 1.3 1.9 eel 1.6 5 tn | 0.5 eet 
Sut crete Ae Crores 0.8 0.5 4.6 2.0 iss 0.4 FP | 
AVETAGCS <3 acne cece aie 9.4 9.4 13.8 9.5 9.7 8.8 10.5 
Differences. 25. sorte oe (9.4) + 4.4] + 0.1 ] + 0.3] — 0.6) = 223 
Alcohol: 
Paleocene 5.4 4.5 6.3 4.5 4.8 6.7 5.6 
EC OINA dee erat eee ee 15.6 | 14.6 14.6 9.4 8.6 10.4 10.8 
A Rc anlapg es Ais beacnt ac dees ibe perp 3.0 1.0 2.9 0.8 0.5 0.8 13 
Sls Fete a cae eee amy ee | LOS 20.0 6.2 11.4 9.8 11.9 
Rites. doe eens ede 3.3 1:5 see | 0.6 0.4 0.8 i Mew 
Suter sarric soccer 0.3 0.1 Cre O52 ee | OR 0.8 
AV OY apes he es eee meee 10.9 9.8 13.6 6.7 8.3 9.0 9.4 
Differences. © sae deoee (10.4) 82 = BT 1S 2 
Effect of alcohol: 
Differences\for group. a. oi) sess cas ae —~-L.2 | —_ 3.8] —, 2.4) — 0.81 — oa 
Per cent for group........ (9.9) — 12 — 38 — 24 — 8 -— 21 
Per cent for individuals: 
EN Ue the See aeN AER e aiell ar 5 BRE Ly es — 24 — 47 — 33 +2 — 26 
COM es Seve cet Seteel Oren 2, ota eer eel ate eee + 12 — 23 — 37 —14 — 16 
Tens eee Et ee alcatel eae —252 —104 —113 —74 —136 
Sul siReeernse GN .e: siete eRe Segal re vetlel ance — 37 — 53 — 4 —4 — 25 
B Gal ak Alb cue ea tNo este aw aude eta er — 40 — 90 — 75 —25 — 58 
Suter ee oe nee mee eee — 280 —260 —140 +40 —160 
Average per cent!, ©. 04.1. acnilSane a — 16 — 41 — 25 -— 5 — 22 


1 Subjects Jem, Rir, and Sut gave such small reflexes that an average has been made without them. 


variations in the muscle thickening for the different men from 1 to 24 mm. 
Three subjects, Jem, Rir, and Sut, commonly exhibited very slight reflexes, 
sometimes averaging less than 1 mm. in amplitude, notwithstanding the 
fact that the recording mechanism magnifies sixfold. The results for these 
three subjects do not appear in the averages in table 61. One subject, Hic 
was completely refractory, so that no records could be obtained with him. 

Reference to the percentage effects for the individual subjects given in 
the lower part of table 61 shows clearly that the minus sign or a decrease 
in reflex amplitude following alcohol strongly predominates. There are 
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only three cases in which a subject shows a slight increase in reflex ampli- 
tude for some one period. The three men, Jem, Rir, and Sut, who exhibit 
very slight normal reflexes, are naturally the ones who show percentagewise 
the most marked effect from the alcohol, their averages being —136, —58, 
and —160 per cent, respectively. In the case of the patellar reflex amplitude 
we have a measurement which in variability is quite in contrast to that of 
skin temperature. 

The average effect of alechol exhibited by Faf, Kom, and Sul, all of whom 
regularly had fairly normal reflexes and were the only men included in the 
general averages, is represented for the various periods following the dose by 
percentage changes of —12, —38, —24, and —8 per cent, respectively, with 
an average decrease for observations following alcohol of —21 per cent. 
These results are exhibited in graphic form in figure 45. There is a promi- 
nent increase in the amplitude of the reflex following the ingestion of the 
liter of liquid, regardless of whether the solution given was control or 
alcohol. This increase amounts to 3 or 4 mm. on a base of 10 mm. It is 
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Fig. 45.—Average Effect of Very Dilute Alcohol on the Patellar Reflex. 


very probably associated with the cooling of the body due to the ingestion 
of the liquid, as such increases in reflex amplitude have been observed by 
us in connection with exposure of the body to cold air.” The effect is 
transitory, as can be seen from the curves. After the control solution, the 
reflex amplitude returns in period 4 to the preliminary level, and is con- 
stant thereafter. After the alcohol solution, however, the reflex amplitude 
in period 4 has not returned to the preliminary level, but has sunk con- 
spicuously below it, this resulting in a marked drop in the curve showing 
the alcohol effect. The maximal effect is synchronous with the maximum 
concentration cf alcohol in the urine and by the close of the experiment it 
has so decreased that the alcohol effect is then only 8 per cent instead of 
the 38 per cent found in the fourth period. The results for all six subjects 
(see table 61) bear out the observations that the alcohol effect on the 
amplitude of the patellar reflex occurs chiefly in the first hour following its 
ingestion. Jem and Sut, who exhibit the most pronounced alcohol effect, 


Se ee ee 
@ Unpublished material. 
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probably because their normal reflexes were very small, show the maximal 
effect occurring in the first reflexes taken following ingestion, which, in this 
case, would not be more than 10 minutes removed from the completion of 
drinking the dose. 

From these results the following conclusions may be drawn as to the 
effect of alcohol on the patellar reflex. 

(1) The amplitudes of the patellar reflex varied widely for the different 
subjects used in our experiments, and any consideration of the rather 
marked alcohol effect should take into account the usual variability of this 
measure. 

(2) The ingestion of a liter of liquid at 18° to 19° C. is accompanied by 
a large increase in the amplitude of the patellar reflex. This increase is less 
when the liquid contains alcohol. 

(3) Following the alcohol, the amplitude of the patellar reflex decreases 
to a level considerably below that shown following the control mixture and 
below that exhibited in the preliminary for the day. Thus the alcohol 
effect is pronounced, amounting at its maximum, which corresponds or 
slightly precedes in time the maximal concentration of the blood, to 38 
per cent. Similarly a large percentage effect for alcohol on the patellar 
reflex was observed by Dodge and Benedict” and also by Miles,” in earlier 
work published from the Nutrition Laboratory. 


Static EQUILIBRIUM. 


The test for station is the first one in our series which is definitely modi- 
fied by practice. During the two preliminary days the subjects were 
tested in this as in the other measurements and showed considerable 
improvement. Any changes due to improvement were, however, minimized 
in influence by the arrangement of the experimental program. As the 
results of the first two preliminary days were entirely discarded, the initial 
practice changes were completely eliminated. Furthermore, of the other 
four days, the first and last were controls. 


AMouUNT oF Sway. 


In the data which are presented in table 62, the range between subjects 
for the amount of linear swaying movement is not so great as with some 
measurements. In the first preliminary period for control days, the results 
ranged from 792 to 535 mm., with an average of 630 mm. The reader 
will bear in mind that the larger the score, the poorer is the performance 
in this case, since the score represents in millimeters the total for the 
anterior-posterior and lateral components of all the swaying movements 
made during a period of 2 minutes while the subject is standing with eyes 
closed. There is relatively little change in the average from period to 
period on the control days, as can readily be seen in figure 46, the average 
score remaining close to 650 mm., with an average for the four periods 
following the ingestion of the control solution of 653 mm. All of the periods 
following the control dose show averages a little higher, i. c., 3 to 22 mm., 
than the average for the two preliminary periods, 637 mm. This change 


* Dodge and Benedict, Carnegie Inst. Wash. Pub. No. 232, 1915, p. 54. 
> Miles, Carnegie Inst. Wash. Pub. No. 266, 1918, p. 48. 
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does not seem to be progressive, as might be expected if due to increasing 
fatigue. 

The preliminary level for alcohol days closely approximates that on con- 
trol days, differing by only 6 mm. Following the ingestion of the alcohol, 
there is a marked increase in swaying, this amounting, on the average, in 


TABLE 62.—Influence of dilute alcohol on static equilibrium of eight men after ingestion of 
27.5 grams of alcohol diluted to 1,000 c. c. 


(Amount of sway.) 


— 


Total linear movement tested at successive half- 
hour periods. 


Subject and type of Average 
experiment. Following dose. aitee 
dose. 
3 4 5 6 
Control: mm mm mm. mm mm 
Blech acre cae, wales 6 Wis wie oun 873 896 697 775 810 
MEN eee Ae eee 618 493 537 572 555 
J EET er gt earn cape ea ea ae 713 740 (58 788 748 
VOM ee ee ie Ck 526 552 608 535 555 
Solent see ce 592 608 634 617 613 
BIE cea ce ocho bate os 852 848 732 742 794 
Pah etsean he be a ahs as eee ae 565 612 640 661 619 
EO ora tea Re. eed ete wes 534 517 515 548 528 
PAV OYAQOS,. «eh Spare ests a 659 658 640 655 653 
WDUft Orencess./acelerers «icnens +22 +21 + 3 +18 +16 
Alcohol: 
Hea Goch Poke Pete cash ere Me ether Ses 1,120 1,313 1,156 921 Dae 
‘ERGY ES Sie ey See ties = eae 670 640 676 563 637 
SIO ie Betis oot cea ee 766 806 803 672 762 
OTN oe, ain Vat anni etter S 489 549 536 514 §22 
Pin beee oees ac onc ers 590 703 582 574 612 
IEE tees Or eke ete ane cage 890 911 747 730 819 
POLL iene ete actin ca eins," 727 660 615 636 659 
WLOW tae sais hit <eeiele aie = 538 662 602 563 591 
PAAR Ee POR roars rare nays; ea, 724 781 715 647 717. 
PDUTOPOU COR cca isjatiewrevea se au +93 +150 +84 +16 +86 
Effect of alcohol: } 
Differences for group......|.....-|--.+--) #71 +129 +81 —2 +70 
Per cent for group........ f -+11.2]) + 20.4 +12.8 -—0.3 +11.0 
Per cent for individuals: 
JEN te e-fores o COO OIE (ore eae ) +45.9 | + 67.6 +72.9 | +33.1 +54.9 
Or eae tent Sao ausie eras | nieas ocona | dynececoe i + 4.6] + 19.8 +18.5 | — 5.1 + 9.6 
1S biGiewe, SR 5 Gio Ot ne Gi ROIaIC) Bioiareaene +6.2/ + 8.2 + 5.8 | —20.1 + 0.0 
OWL Mar here rr ctals 6 tears [as wal wval| orev e eo — 5.5! 4+ 1.0 —12.2 |] — 2.5 — 4.8 
Srl eer eet saics Recess Vand odetsrailiioraaee & — 6.1] + 10.3 —14.6 | -—13.0 — 5.9 
CID eee taney choke: «rill, cay eistell eis asm + 5.2) + 8.4 + 2.2} — 1.3 + 3.6 
PS UEC reteset ree clr ratsl] ote ialieps'| ar aes: o% +29.7 | + 11.4 — 0.3] — 0.3 +10.1 
Mow id carte ele ara ols cree otallld oars’ — 4.5] + 23.3 +11.9 | — 2.4 + 7.1 
Average per Cento. erst al crecsmieoeil | nore lores + 9.4] + 18.8 +10.5 | — 1.5 + 9.3 


the first measurement, to 71 mm. more than the increase after the control 
dose. As this measurement of station came at the end of the period, it 
was the farthest removed from the dose, the first station test following 
alcohol being about 35 minutes after ingestion. For period 4, that is, 30 
minutes later, the effect is still more marked, showing an increase of 129 
mm. over the normal. The effect becomes less pronounced in period 5, but 
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it is still larger than in period 3, while in period 6 the subjects did as well 
following the alcohol as they did following the control dose. In figure 46 
the curve for the effect of alcohol shows values for periods following the 
dose of +11.2, +20.4, +12.8, and —0.3 per cent, respectively. The average 
for the four periods is an increase in swaying of 11 per cent. The maximal 
effect. of the alcohol on this measure corresponds to the time when the 
alcohol is at its highest concentration in the urine, but it is clear that the 
effect on static equilibrium decreases much more rapidly than the alcohol 
concentration decreases. 

If the individual results for the 8 subjects are noted (see lower portion 
of table 62), it will be seen that with 5 of the men there is an increased 
sway 35 minutes after the alcohol is taken, while all of the men show 
increases varying from 1 to 68 per cent at the end of the fourth period, 
approximately 65 minutes after the alcohol. For the fifth period, there 
are again 5 who still show an increased swaying, but in the sixth period, 
7 exhibit less swaying after the alcohol than after the control dose 
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Fic. 46.—Average Effect of Very Dilute Alcohol on Static Equilibrium. 


According to the averages for all the observations made following the 
aleohol, 5 subjects show a positive increase in sway, one man gives no 
change (due especially to the large minus value in the sixth period) and 
two subjects average better with the alcohol. The two last mentioned, 
Jem and Sul, demonstrated some increase in the swaying in the fourth 
period, but a smaller amount in the other three periods following the dose. 
This increase in swaying after the alcohol dose was very prominent in the 
case of Faf, the average effect being above 50 per cent. His records exert 
a large influence on the average for the group. As a means of comparison, 
the results for the other 7 men have been averaged by themselves and give 
the following values: +4.2, +11.8, +1.6, and —6.4, with a general average 
of +2.8 per cent. We may conclude that the usual effect of alcohol upon 
the static equilibrium measured in terms of the amount of swaying is more 
transitory than that with some of the other measurements. 

Subjectively, the experience of vertigo following alcohol is much more 
prominent at those periods when the subject moves from one position to 
another, that is, from a sitting to a standing posture, or when turning 
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quickly to walk in another direction." In sitting or standing quietly, most 
subjects were not aware of increased unsteadiness. Some of them thought 
that they could stand even more quietly with the alcohol. This was par- 
ticularly true of Cef, whose series of measurements unfortunately could not 
be completed. The alcohol did, to a certain extent, assist some subjects in 
making a good score in the standing test. Jem reported that following the 
alcohol he felt more care-free and less nervous about the tests. Such a 
relief from conscious inhibition would probably be somewhat of a help 
in the station test, especially as a comfortable physical attitude and con- 
tentment are most necessary for doing well. 


AREA OF Sway. 


Graphic tracings were also taken in connection with the ataxiameter scores 
in the standing test. (See fig 11, p. 139.) As pointed out elsewhere,’ the 
area which these graphic tracings cover represents a different phase of 
the performance from that shown in the ataxiameter reading. The sub- 
ject who is being tested for his ability to stand motionless with eyes closed 
is trying to avoid swaying movements rather than to keep the writing- 
point at the vertex on a certain center. He has no accurate sense of such 
a center. He can not see it or feel it as in certain other steadiness tests. 
Consequently, it has seemed to us that the score for the amount of move- 
ment as registered by the movement adders is more logically the factor 
involved in the test as given rather than the extreme amplitude or range of 
movement. We have found, however, that usually the two phases of 
measurement give results which are in agreement, that is, when the total 
amount of movement has been large, the area of the tracing is also found 
to be large, but this is not always or necessarily true. 

Each graphic tracing was measured by a glass plate ruled in square 
millimeters. The dimensions of the smallest rectangle that would contain 
the tracing when placed without regard to axis were multiplied by each 
other. The score in square millimeters is thus always larger than the 
actual area covered, as the tracings tend to be elliptical. When tracings 
have prominent irregularities, the rectangular area is much increased. The 
results of these measurements from the graphic records are given in table 
63. Individuals appear to deviate from each other considerably more in 
the area of sway than they do in amount. The average area for the pre- 
liminary periods on the control days is 910 sq. mm. as compared with 961 
sq. mm. for the preliminary periods on alcohol days. Following the con- 
trol dose, there is an increase of about 50 sq. mm. in the third period and 
decreases of somewhat larger amount in the fourth and fifth periods, with 
a similar increase in the sixth period, so that the average for all periods is 
very nearly the same as the average for the preliminary periods, being a 
decrease of only 9 sq. mm. Following the alcohol, the changes are all 
increases and seemingly quite regular, being 218, 399, 459, and 163 sq. mm. 
for the four periods, with an average of 310 sq. mm. The alcohol effect 
in terms of per cent is large in comparison with most of the results which 
have been reviewed. These percentages for the four periods are, respect- 


Ses Appendix, pp. 284, 285, and 290. 
> Miles, Journ. Industrial Hygiene, 1922, 3, p. 316. 
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ively, 18, 50, 57, and 12 per cent, with an average increase of 44 per cent 
in the area of sway following the alcohol. It was pointed out in the 
discussion of the amount of linear movement (see p. 240) that Faf increased 
the amount of his sway conspicuously after alcohol. As shown in the lower 
part of table 63, the changes in the area of sway with this subject are even 


TABLE 63.—Steadiness of standing in terms of total area covered by the graphic record. 


Area of sway tested at half-hour periods. 


: | Average 
aisle Aiea las of Preliminary. | Following dose. vied 
5 
Control: sg. mm. 
Pal cgi de cos lee tare a ohare 855 
WOM a setetceina tre eee anes 976 
TIC Nae ereeie ain are 1,084 
OLN Sere ek esha aN ke 491 
Sul’. cicknas atontaninen wes 636 
ARIT is acsinosgi owes tea ites 1,299 
BUGS oe tec tee cleo 730 
Mio Wes cs ds ese se sane ee 609 
AVOTA POS nasi at orsiasthires 835 
Differences... 4:02» «> — 75 
Alcohol: 
Wal teri As sttrwege eee 4,163 
WOO ace oc .o ra S eho eraie 1,404 
BIC eee cre ee oe 1,287 
PL) 0S nee ur PRC NOt Ach cig 607 
Sul irat.ane cette reer eters st 774 
RID een Chine Gioia tre 1,782 
UG eicahtae Seaelne eon ereistree ek 646 
INTO week: ita elses ee ee 700 
ASV OTA ROB cee tents aies ieee 1,420 
Differencesheae. sce +459 
Effect of alcohol: | 
Differences for group...... -|..cc.-ssfecace ssl +534 
Per cent for group........ + 57 
Per cent for individuals: 
+251 
+ 31 
+ 6 
+ 25 
-— 17 
+ 41 
-— 15 
sat! 
+ 40 


more prominent, averaging 160 per cent. With all of the subjects, the 
alcohol effect in terms of per cent tends to be larger when computed from 
the graphic tracing, but the results are not so uniform as when figured from 
the linear score for swaying. If the period results for all of the 8 men are 
considered, there are only a few more plus signs than minus signs; hence 
the alcohol does not invariably increase unsteadiness in standing. In the 


averages for all periods following alcohol, 5 of the 8 men show increase 
of sway. 
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Summary or REsutts on Sratic EquiuipriuM. 


(1) Instability during walking and standing are common characteristic 
effects following the taking of alcohol. By a direct method of measuring 
static equilibrium or station, we have attempted to ascertain if 27.5 grams 
of ethyl alcohol, taken in a volume of 1,000 c. c., produce any marked 
increase in the swaying of the body when subjects with eyes closed attempt 
to stand motionless for 2 minutes. 

(2) Following the taking of 1 liter of control solution at the same tem- 
perature as that of the alcohol solution, there was but little change in the 
ability to stand motionless, a slight increase of about 2 per cent in amount 
of sway being observed on the average for 8 subjects. 

(3) After the alcohol dose, an increase in wavering as compared with 
the results after the control dose was found with all of the subjects at a 
time approximately 65 minutes following the ingestion (about 20 per cent). 
Most of the subjects also showed some increase in wavering earlier and 
later than this time. 

(4) The alcohol effect appears more prominently on the area or gross 
amplitude of swaying than on the total linear amount of movement. Two 
hours following the alcohol, there was almost complete recovery from this 
instability. 

(5) The subjects varied considerably in the intensity of alcohol effect. 
demonstrated on this measurement. 


Finger MovEMENTS. 


By the method of performing the tapping test in this series of experi- 
ments, which is described on page 16, subjects usually execute from 50 
to 85 oscillations in a period of 10 seconds. We have found that slight 
fatigue develops quite regularly within this period, the speed decreasing 
approximately 0.3 oscillation per 2 seconds.* It will be sufficient for our 
comparisons to consider the total number of oscillations performed in 10 
seconds. 


Sperp or Fincer Movements. 


The data for the 8 subjects on the speed of finger movement are presented 
im table 64. The extreme range represented in the preliminary averages, 
for both control and alcohol days, is from 56.6 oscillations with Jem to 
85.8 oscillations performed by Hic. The averages for the first preliminary 
periods on the control and alcohol days are practically identical (69.1 and 
69.2 oscillations). The second preliminary period in both cases shows a 
decrease which appears slightly greater on the control day. The changes 
are clearly indicated in figure 47. In the period just following the alcohol 
and control doses, the averages are identical, 64.9 movements, and about 3 
oscillations below their respective preliminaries. In periods 4 and 5 the 
rate after alcohol sinks still lower, being below the control in the corre- 
sponding periods by somewhat more than one oscillation in 68. The effect 
in percentage is therefore not large. For the periods in order after the 


es 
* Benedict, Miles,*Roth, and Smith, Carnegie Inst. Wash. Pub. No. 280, 1919, p. 627; also 
Miles, Carnegie Inst. Wash. Pub. No. 266, 1918, p. 85. 
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dosage, there is a decrease in the number of finger movements executed 
of 0.9, 2.2, 1.8, and 0.7 per cent, with an average decrement of 1.4 per cent. 
The curve showing the effect of alcohol for this measurement (fig. 47), in 
comparison with the alcohol concentration in the urine and blood, gives 


TaBLe 64.—The speed of voluntary finger movements as influenced by 27.5 grams of alcohol 
taken in volume of 1,000 c. c. 


[Number of complete oscillations in 10 seconds.] 


Finger-movement speed at successive half-hour 
periods. 

oa Aver 

Subject and type of : age 
experiment. Preliminary. Following dose. after 

dose. 

3 4 5 | 6 
Control: 
Watcha or ae hine een eteroere teers 63.8 | 59.9 58.8 60.7 60.7 58.6 59.7 
omy sats: ot eloa emis AAAI OF hes} 75.1 Cher rbapse | 78.4 75.6 
TET Cae cornea ia aii ieee 83800 Fou a6: 76.5 71.3 73.0 74.2 
WD) CLO yeh g eke iaesie he Sane mane 60.6 | 56.6 54.9 55.5 57.0 57.8 56.3 
SU ee ae een cm eter 62.0 | 60.2 58.3 60.6 62.4 63.4 61.2 
Rivas hee eee ae 62.4 | 60.7 60.1 6.7 59.3 59.5 60.2 
SOT DE wth CRER.A carl Mrs the nes eee oe 64.5 | 62.2 61.8 59.3 60.5 60.6 60.5 
NOW. ite crea acne tae eee 77.4 | 76.1 73.8 13.5 74.0 73.5 iS We 
IAVELARCSI Nets kaso 69.1 | 66.7 64.9 O522 65.0 65.6 65.2 
Differences ssn, qoeie oe (67.9) —3.0 | —2.7 | —=2.9 ) —23) 27 
Alcohol: 
Pal etcetera ee 62.2 | 61.5 56.7 59.4 56.0 58.8 ay ped 
Kom eet. ces oe 187 \ 78.2 76.5 1508 79.6 WZ.2 14.3 
LIGA ee ik a eee 85.8 | 80.6 74.9 70.6 Wool 78.7 74.3 
VOLO: cpr eactay eto eyeaceere 61.8 | 57.4 55.6 55.7 55.0 55.9 55.6 
BU cee ec mae see ae O15) 6h 59.9 60.0 61.0 60.8 60.4 
Rr eee ae ee 61.7 | 61.6 59.5 58.6 58.5 60.1 59.2 
Bulb cpt eee a a oacee gerne 64.4 | 64.6 62.4 62.4 62.0 61.0 62.0 
IMOW2" misertiminn ete ene dce Vion eto reer é T23 70.1 73.5 | i234 
A VOTADES sC a tia ace 6922 16757 64.9 64.3 64.4 65.7 64.8 
Differences. ure eee eae (68.5) —-3°6 | —4.2 | —4.1 | —2.8 | —3.7 
| Effect of alcohol: 
Differences for group...o046 olen oeelaenee: —0:6 | = 1.5 1 —152 7) 0.54) — 1a 
Percent forigroupia.. 2. sete (68. 2) —0.9 | -—2. —1.8 | —0.7 | —1.4 
Per cent for individuals: 

ats oh Scot ete cari Gems soe ee ee —3.4 | -—2.1 =—7.6 |. -+0.3 | —3.2 
FROM Sia ret pte eis tiie ll econ | eee +1.0 | +1.8 | +5.0 | —23.8 +1.4 
ELL G) pe Ae ia MOE ace a tos Ml eee =3.2 ) —8.9 } +0.5 |] +5.2'] —1.6 
TOTP Saeed scence ecb lei | eee =0.5)) —1.4 |. — 5.2 PP 49) aa 

Ms ede ues tect ad eee 2 all eee eee Oe Se ee +1.8 | -—1.8 | —3.1 —5.1 —2.1 

Rin eee eee ee te ee -—1.1 —5.2 —1.5 |] +0.8 —-1.8 
Suabists waraontan chen eantetem, Billions cteene | eee —0.8 3.1 1-606 | 1s 
WMowissreatia sachin es ellie eee +0.1 | —1.3 | —4.8 | 40.0 | —1.5 
AVOrages Por COlt ama. wick eek —0.85| —2.0 | —2.0.) —0.8)) —1.4 


the usual picture of the maximum effect occurring near the time of the 
maximum in the urine, and of a decrease in the effect especially prominent 
2 hours after ingestion and before the alcohol concentration in the urine 
has greatly decreased. 

The alcohol effect on the performance of finger movement shown in 
detail for individual subjects indicates that 6 of the 8 men execute a less 
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number of finger movements after the alcohol, the average percentile 
decrease in efficiency for these men ranging from 1.5 to 3.2. The latter 
value is for Faf, who exhibited the very strong alcohol effect on station 
and the high alcohol concentration in the urine. In this case, the subjects 
who demonstrate an alcohol effect are closely grouped. The two, Kom and 
Sut, who gave a better performance after alcohol, are consistent in showing 
this at periods 5 and 4, respectively, but their average gain is small, 1.4 
and 0.5 per cent, respectively. As a measure of motor coordination, the 
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Fic. 47——The Average Speed of Finger Movement for a Group of 8 Men After Ingestion 
of Very Dilute Alcohol. 


24 


speed of finger movement therefore indicates a fairly consistent but small 
alcohol effect, which with the majority of our subjects is apparent, wholly 
aside from the consideration of preliminary level of performance. 


AMPLITUDE OF Fincer Movements. 


With Mow, the practiced subject (see p. 143), there was a prominent 
alcohol effect upon the character of the finger movement, as well as on the 
speed. To ascertain if this is typical for our group of subjects, some 
measurements of the amplitude of the movements were made for the 
records represented in the data of table 64. At a specific location near 
the end of each record, the heights of 25 oscillations were measured in 
millimeters. There were thus 50 readings recorded, one-half representing 
movements of extension and the other half movements of flexion. The 
average of these has been taken as the average amplitude. The data 
arrived at in this way are presented in table 65. The amplitudes range 
from 16 to 45 mm. in the averages for the preliminary periods, with general 
averages of 29 and 27 mm. for the control and alcohol preliminary periods. 
Following the control dose, the amplitude decreases with all of the 8 sub- 
jects, the average decrease being 5 mm. The change following the taking 
of the alcohol solution was in the opposite direction. In terms of averages 
and of whole millimeters, we find that the finger movement is about 1 mm. 
larger after the alcohol as compared with the preliminary. When the 
control and alcohol results are compared, the effect of alcohol is seen to be 
an increase in the amplitude of the finger movement, amounting to 17.9, 
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14.3, 28.6, and 17.9 per cent for periods 3 to 6, and a total average increased 
amplitude of 19.7 per cent. The alcohol effect upon the different individuals 
as given in the lower part of the table shows comparatively few minus 
signs. All of the subjects, with the exception of Mow, have averages for 
the periods following the dose which are plus in direction and range from 


TaBLE 65.—The amplitude of the finger movements. 


Finger-movement amplitude at half-hour periods. 


Subject and type of 


experiment. Preliminary. | Following dose. 


Control: mm. | mm. 
Bai. c ies. eee eee 38 45 
FROWN cimucrs ore sterse ernie ae 27 31 
Hid. itehion Gees eee 28 24 
JOM le ae rseobune 21 20 
Sull pe seocs arose oe. 43 43 
Rinse e a. ee 25 24 
SUbes te cree cdoctveetercsrete 20 24 
IMOWs tects oe eee oe 25 26 

AVCTAZES G5 61s Sine era's 28 30 
Differences........... (29) 
Alcohol: 
Pale crete eee 43 41 
WOM ee a Oona 38 30 
Hig ceccncc oe ee es 23 21 
JOIN y Shore eke hee coe 23 22 
Sulvecetoae beets oes 35 35 
RIP So rpshetttzariete feabaveleas ae 19 22 
Subs skeet ee cone eae 16 21 
MOWeii tees sus ote aes SS oaosne 22 21 
AV OTARCS Neuere cane corer 27 27 
Differences........... (27) 

Effect of alcohol: 

Differences for group....|......|.... 

Per cent for group...... (28) 

Per cent for individuals: 
Loe ction atercime lie cokers Score eee 
ISOM Tye ER rete | ERI na nll rs Pelee 
EAI Gon cyakervereis Gone areilOh ainte | oaeeareel 
OTD Favsis ole crate’ act alin serene | hemak eae 
Sul swe ce cane air cols eeitets bc wee 
Ripe Paid coe need caticicls aa oe | erecieks 
Subircistnosiurevscacd s agecie a Cena 
IMLOW viva c Sia diha toss: loatarces [etree 


7 to 48 per cent. Thus the results for average amplitude on Mow (see 
p. 149), the practiced subject, are not substantiated by those on the group 
and it is not possible to clear up this conflict at present. That the amplitude 
of the finger movement does not decrease after the alcohol as it does follow- 
ing the control solution is no doubt partly due to the fact, shown by our 
skin temperature results, that the hand is warmer after alcohol than after 
the control solution. 
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VARIABILITY IN AMPLITUDE OF FinqcerR MovEeMENTS. 


The amplitude of the finger movements, although no artificial stops were 
introduced, can not well exceed a certain limit, and with a large average 
amplitude it is only natural that the percentage variability should rela- 
tively decrease. The average coefficient of variability in the preliminary 
period is about 14.7 per cent. (See table 66.) Following the control dose, 
it changes to an average of 16.7 per cent and after alcohol to 17.2 per cent. 


TABLE 66.—Percentage variability in the amplitude of finger movements. 


Variability in amplitude at half-hour periods. 
Subject and type of Average 
experiment. Following dose. after 
dose. 
Control: p.ct.| p.ct. | p. ct p. ct p. ct. p. ct. Foie 
LUN ae aes See eee eee £1.82) 1052) 1) 10.6 14.3 19.3 Pe 14.2 
CS CC og Ae ee 19.2 | 20.7 26.6 16.4 19.5 21.6 21.0 
I Gee cert ota evens ore 26.8 | 27.7} 30.3 32.4 28.1 30.0 30.2 
TOME hog aay Ante Atk Mena DS aS Wey ar ee Wee 15.5 19.6 14.9 16.8 
Sule. Sere tae tacks 8.4] 9.4] 8.5 9.7 8.4 10.7 9.3 
TRL ioe ea Sestane cere hen 8.6 | 10.4 |} Ou gb ss) ied a NOK 10.5 
SiG tory ieee MAL ah ee iar 12 OUTTA ae 14.9 15:3 Vat 18.2 16.5 
MOW rie an nochaieuerorcere & 12 eS LL ae 14.4 14.4 15.0 15.4 14.8 
LA VGLAGOS «ores asn ota are 14.0 | 15.6 16.2 16.2 17.6 16.8 16.7 
Differences.......... (14.8) loge Bee ace Dae ecie  Z4atsd foc Patil) Seal ht 
Alcohol: 
1 OCN Rat os, Per ena ed 10.7 9.0 | ute Wav A 12.3 12.1 10.1 11.6 
ISOM ate eG es comets eas ay Say Gai be geleyd hie ire 14.6 19.1 12.8 15.9 
OF er hc erates aioe 26.6 | 26.5] 32.7 28.0 2175 33.5 28.9 
DP OLN a ais mieyhinloaierevereae as 1724. | T1530 21.8 26.7 20.9 15.7 21.3 
Sule aac ese eens mam ae 8.6 8.7 6.6 8.9 8.6 10.1 8.6 
RI eee aiavornralscsiat «aes LES) [PLL so 9.6 ay fay 11.9 13.5 11.6 
Sutseemesncions Hast: 17.2)19.4} 21.1 17.0 16.6 13.4 17,0 
IVA OG rie oo a jactaheereney ese 10284117} 14.2 20.0 32.1 PLE 22.3 
SAVOIR DOS ss + sec o'eahae 14.6| 14.5] 16.9 17.4 17.9 16.5 17.2 
Differences.......... (14. +2.3/4+ 2.8) + 3.3} + 1.9] + 2.6 
Effect of alcohol: 
Differences for group...|......!...... f+0.9) + 1.4} + 0.5] — 0.1/4 0.7 
Per cent for group..... +6.1/ +9.5|] + 3.4] —0.7| + 4.6 
Per cent for individuals: 
ater reins Fla cies sa5 | serererekel .0| — 8.6 | — 58.1 | —14.3 | —15.0 
B EGOS 08 Ue Sic a OPO | CRONCRO PAE I aes .6 | +11.5 | + 18.8 | —27.6 | — 7.2 
18 hy crises OPER CE CTSA (Cin, BOG ree .6 | —13.7 | — 21.9 | +15.6! — 2.1 
AOS Tsing Ch) ee OP ATA ee OP cece .7 | +79.6 | + 12.2} + 8.8 | +33.8 
SS ey re ieret ola eres oi ener tio bay lense ene .3|]/—-6.8] + 4.5] — 4.5] — 6.5 
RIT Ree fete avieraelicuenkes (aria: ierniieusi’as .6 | —16.4 | — 27.9] +10.6] — 6.6 
SUG ee ae oie ris ee Fiera tine’ || pieietaveus 4) — 9.6} — 26.3} —48.5 |] —16.8 
IW WOES ooh cocottn peered eed| [DO Oapea IOcron .8 | +53.8 | +152.2 | +68.4 |] +69.7 
Average per cent.....].....-|.--+-> oat 1p au |et Odell eats es 6.3 


The average variability for the group of subjects is larger by 6.1, 9.5, and 
3.4 per cent for periods 3, 4, and 5, and slightly smaller, —0.7 per cent, in 
period 6, with an average increase for all periods following the alcohol of 
4.6 per cent. These group results are not strictly representative, however, 
as will be seen in the lower part of table 66, where the percentile effect is 
given for the individual subjects. It is true that in period 3, 6 of the 8 
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subjects gave substantial increases in the variability of amplitude. Kom 
and Sul, who do not show this increase, were the two individuals who 
demonstrate the largest amount of increase in amplitude in this same 
period. (See table 65.) In periods 4, 5, and 6, there are as many minus 
as plus signs, but the prominent effect of increased variability with Jem 
and Mow is sufficient to give the average a plus sign. Mow is the only 
subject who does not demonstrate in table 65 an increased amplitude of 
finger movement following the alcohol. Evidently, amplitude of finger 
movement and percentage variability of amplitude are more or less 
reciprocal expressions and both should be taken into account. 


Summary or Resutts In Fincer-MoveMent Tests oN E1gHt SuBJECcTs. 


Summarizing the results of the finger-movement tests, we may make the 
following conclusions: 

(1) The ingestion of 1 liter of non-alcoholic fluid at 18° to 19° C. causes 
in itself a slowing in the rate of finger movement. 

(2) The dilute alcoholic beverage (1,000 c. c. with 2.75 per cent alcohol) 
taken at the same temperature as the control solution causes a still more 
prominent slowing in the speed of finger movement amounting at maximum 
(40 to 70 minutes after ingestion) to a decreased efficiency of about 2 per 
cent, notwithstanding the fact that this dose of alcohol increases the skin 
temperature of the hands which can but facilitate speed in this test. 

(3) The oscillation of a finger at maximum speed for a period of 10 
seconds was the simplest psychomotor test used and required the least time 
for its execution. It offered an especially good opportunity for a spurt of 
effort for which, indeed, the instructions constantly called. Notwithstand- 
ing these conditions and the changes in skin temperature and pulse-rate, the 
dilute alcohol exercises a depressant influence on the speed of this motor 
function. 

(4) Following the alcohol there was some increase in the amplitude of 
finger movement and no very definite change in the variability of the 
amplitude, whereas Mow (pp. 143 to 149) had shown decrease of amplitude 
and marked increase in variability. This is the only instance in which an 
effect found characteristic with Mow is not confirmed in direction when the 
same measure is used with the group of men. 


Eyre-Hanp CoorDINATION WITH Pursuit PENDULUM. 


A previous study with the pursuit pendulum indicated that in the first 
sets of trials there is rapid improvement from practice.* Subjects changed 
from an average of 15 c. c. per catch on the first trial set of 25 catches to 
31 c. c. per catch on the tenth trial.” Up to the thirty-fifth trial, improve- 
ment was fairly regular, with a final record of approximately 38 c. c. per 
catch, or a total score for the 25 cups of 950 ¢. c. Judging from the pre- 
liminary averages (see table 67), a practice change was present in these 
alcohol experiments, also, which causes a difference in level for the pre- 
liminary performance on control days as compared with that on alcohol 
days. The average values for these cases are 883 c. c. and 904 ¢. c., 


2 Miles, Psychol. Review, 1920, 27, p. 361. 
> The possible catch was 50 c. c. For technique, see pp. 16 to 19. 
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respectively. The values for both of the preliminary periods on the alcohol 
days (see figure 48) are somewhat higher than the corresponding periods on 
the control days. The scores in both the control and alcohol tests are closely 
the same in the period following the ingestion (890 and 889 c. c.). During 


TaBLE 67.—The effect of dilute alcohol on the efficiency of eye-hand coordination as tested 
by the pursuit pendulum. 


Coordination tested at successive half-hour periods. 


Subject and type of Average 
experiment. Preliminary. Following dose. after 
dose. 

1 2 4 5 6 
Control: Cues Cry c.c Cues BG c.c 
oe oa ee 851 | 890 870 921 899 879 
KOM iis worst tee 58 842 852 858 899 917 877 
Le oe AL aes ee 896 964 914 972 984 943 
AE Ee te oe Mie 886 | 876 952 942 951 946 
[SAV Weir, need Uk a ae 767 778 830 832 826 830 
ice ee ne 1,021 | 1,049 1,010 | 1,042 | 1,054 | 1,040 
SE eet ike. 842 | 839 880 880 883 883 
ay ae 861 | 907 921 872 831 868 
AVOTOGOR 2 tr eye % ert 871 894 904 920 918 908 
Ditkerences.. 2s oe - = (883) +21 +37 +35 +25 
ee ans, tt an 910 | 927 844 861 804 858 
OMI Ser era ec eras eee 943 945 935 848 940 894 
IG Rite Geert 829 939 940 962 968 959 
SS Re ae aa 922 966 1,015 987 993 983 
ular Recs oe se eae 739 751 757 800 812 780 
INAS cnc hee Seater = 1,030 | 1,040 1,000 1,028 1,052 1,033 
Subs = es ees is 888 929 857 944 884 894 
EO Wal yeni an elie lassen 833 872 803 766 811 803 
AVOTA TOS a hisee eels sss 887 921 894 899 919 900 
Differences.......... (904) —10 — 5 +15 = 1 
Effect of alcohol: 

4 Differences for group!.....J....-22lees.an. —31 —42 —20 —29 
Per cent for group..... (894) — 2.5 — 3.5 — 4.7 — 2.2 — 3.2 
ae an Fs Wolves’ | intl elevalo heen 7 

Komitee eben cited: = fete iesel| ahetehnvee Ss (hoff — 2.2 —16.5 — 8.3 a S50) 
is PMs ee «|. Ahlen ol Aalhisias » Sata eter 300| gee 4. Ol oa on mera 8 
ATi Biss ose OUP be) hn OOO cal Sen = 4.0 S-00.0 — 2.0 Pig) — 3.0 
Sua Lee Ia ttesiant awe a | atte pele + — 6.9 — 5.9 — 0.5 + 1.8 As Dare) 
Po ee ae ee en Eee 2 el 1 Oh a ee cael oO 
Shoe, ho) iad Die eee Ses 10,4 | = 0/8 ee lee eee 
VES Lo eee eae eee iy Se ioc0)|- tis a: ia eee o 
Average pericengs eer lt \ lade ann bees — 2.7 —Eons — 4.7 — 2.3 — 3.4 


periods 4 and 5, the alcohol values are somewhat smaller than those on 
control days, not only by direct comparison, but also when the preliminary 
values are taken into consideration, this difference being equivalent to 
30 or 40 c. c. For the group of 8 subjects, the scores for all periods follow- 
ing the taking of the alcohol show poorer motor coordination as indicated 
by less water caught from the pursuit pendulum. As shown in table 67 
and figure 48, the percentage effects of alcohol in the four experimental 
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periods for the group are —2.5, —3.5, —4.7, and —2.2 per cent, with an 
average of —3.2 per cent. At a point 90 minutes after ingestion (in period 
5), the effect of the alcohol was apparently at its maximum. This is slightly 
later than the maximum concentration in the urine, but as the measurements 
are one-half hour apart, a closer correspondence in maxima can hardly be 
expected. 

With the individual subjects in table 67, seven of the men after alcohol 
show decreased ability in this psychomotor test, the average decrease 
ranging from 0.7 to 8.9 per cent in the amount of liquid caught. Among 
these 7 individuals, one did not show a decrease in period 3, another showed 
no change in period 4, and two did slightly better in period 6, but in general 
_ the direction of change and the amount are very consistent. The largest 
effect was during periods 4 and 5, that is, 60 to 90 minutes after the alcohol 
had been taken. One subject, Hic, is a clear exception in the way the 
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Fia. 48—Average Results for 8 Men on Eye-hand Coordination in Tests with Pursuit 
Pendulum Following Ingestion of Very Dilute Alcohol. 


alcohol influenced the performance in the pursuit pendulum test. For the 
periods following the ingestion of alcohol, his averages are +11.9, +7.9, 
+4.0, and +3.3 per cent. This is a regular series of decreasing size, and all 
of fairly large magnitude. In the case of this man the results are con- 
siderably influenced by the fact that contrary to the general findings of 
the group, his performance in the preliminary periods on alcohol days 
averaged poorer (46 c. c.) than in the corresponding periods on the control 
days. It is noteworthy that with Sut, the subject used to the occasional 
taking of large quantities of alcohol, the effect of decreased efficiency was 
pronounced in this motor test. His results seem slightly inconsistent for 
period 5; the average effect is a decrease of 6.5 per cent, which is the third 
largest effect found with the men of the group. Of the 8 subjects, Mow 
had received more practice than any of the others. Furthermore, the cups 
used in his tests had a smaller opening (9.5 mm. instead of 19 mm.) for 
catching the water than those used by the other men. After the alcohol, 
Mow’s performance was poorer in periods 4 and 5 by 10.0 and 8.6 per cent. 
In periods 3 and 6, he did slightly better, i. e., 1.8 and 1.3 per cent. 
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The results of these tests with the pursuit pendulum are here summarized: 

(1) In the case of this measurement the practice on the two preliminary 
days was not sufficient to obtain constancy and the subjects show prelimi- 
nary levels that differ considerably for the control and alcohol base-lines. 

(2) Of the 8 subjects employed, 7 demonstrate less accurate eye-hand 
coordination following the alcohol. The average decrease in efficiency for 
the whole group is 3.2 per cent. 

(3) The alcohol effect is most prominent in periods 4 and 5. Here the 
coordination on an absolute basis is poorer than after the control dose and 
in relation to the preliminary performances amounts to a decrease in ability 
represented by 3.5 and 4.7 per cent. 

(4) The decrease in accuracy of eye-hand coordination from period to 
period approximately corresponds with the changing alcohol concentration 
in the urine, but the maxima for the two curves do not exactly coincide. 


ContTINvoUS COORDINATION WITH PURSUITMETER. 


Notwithstanding careful instruction and preliminary practice days, for 
which the records were wholly discarded, the preliminary control and 
alcohol levels of performance in the test with the pursuitmeter do not agree 
so closely as could be desired. This can be seen from table 68 and in 
figure 49. Contrary to the scores obtained with the pursuit pendulum, the 
smaller values in this measurement represent the more efficient perform- 
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Fic. 49—Continuous Eye-hand Coordination in Tests with Pursuitmeter Following 
Ingestion of Very Dilute Alcohol by a Group of 8 Men. 


ance. Six of the men do better on the average for their preliminary periods 
on alcohol days than on control days. Some of these decreases are large, 
as, for instance, those for Hic and Kom, with whom they amount to about 
200 points. Rir did slightly poorer in his preliminary for alcohol days and 
Sut did about 5 per cent poorer. His average preliminary on control days 
is 918, while the average for the preliminary periods on alcohol days is 970. 
Thus Sut is decidedly different from the other subjects in reference to his 
preliminary values, as the table (see lower part) shows him to be in 
reference to the effect of alcohol. 

As may be seen in figure 49, the average results for the group of 8 men 
demonstrate a definite drop in the performance of this test following the 


252 ALCOHOL AND HUMAN EFFICIENCY. 


ingestion of the alcohol. There is a wide divergence between the control 
and alcohol curves for periods 4, 5, and 6, which is prominent without con- 
sideration of preliminary values. If, however, we take these into account, 
it is seen that the alcohol performance for period 8 is less efficient than that 
following the control mixtures. Except for period 4, the averages on control 


TaBLE 68.—Effect of alcohol on adequacy of continuous reaction and coordination as tested 
by the pursuitmeter. 


Pursuitmeter test at successive half-hour periods. 


Subject and type of Average 
experiment. Preliminary. Following dose. after 
dose. 
4 5 6 
Control: 
(NTS Rael uty aie ACO oe 1,128 1,034 1,202 pe Fd 
KONA Aer ere 1,003 978 895 984 
ELIGH SPR ees eae ee eye 1,373 1,287 1,340 
Ue Se. ae eee ae ia We: 1,090 1037 2,102 
FS) TUE pct SO are eee as 1,546 1,426 1,267 1,413 
Rinses, eee ea ee 7A7 698 665 712 
Sutes eres iss ethane 996 956 925 951 
WO ware Pass ieee cates 328 323 320 317 
IN VCLAPCBn) aie ee nee 1,037 985 950 9904 
Differences.......... — 13 — 65 —100 —56 
Alcohol: 
Bal cc, See nae 1,622 1,829 1,27 1,460 
Komen eee ore eee 963 923 951 929 
Hiciweon ot hae creer 1,284 1,300 1,300 1,281 
JOIN seh cose eee 1,143 1,087 1,093 1,089 
Sul cetacean 1,588 1,584 1,604 1,619 
Rinse. eee ae oe 927 812 698 811 
Sut tein yea 983 943 903 948 
MOWsiecicie cee eee 386 385 352 365 
PAVOTAGEH Mean is Ih 1,108 1,022 1,063 
Differences.......... +138 +134 + 48 +89 
Effect of alcohol: . 
Differences for eroup.s orien eee |e ee ee +151 +199 +148 +145 
Per cent for group..... 0; + 14.9!] + 19.7 | + 14.6] 4+ 14.3 
Per cent for individuals: 
ati 2 sles cass eer teeta tree tebe eles oe oes .38 | + 46.0 | + 70.2] + 12.2 | + 32.7 
Kom Yara MHSR a alt) CHEMI celeron ancl Pein eens Wot LEO eee rg + 22.0 + 11.1 
ED iG torte ch cee keer ll eure: ce lacie eee .6] + 138.7 | + 14.8 |] + 21.4 |] 4+ 15.9 
OLS 9 aS ee A Garay AL, bis | SN 3 2] + 4.2] + 6.7] + 12.2/4 5.8 
LEU ARO ce ie HORS ct ee NN Bag 18 Ali 8 oi +0 | Bh 158 + 28.1 + 19.1 
TRUTH ei core tae | meee hal eee 1 | + 23.0 | +4 14.2] - 38.5) = 12 
Sut ao ote sore linucapean ell Siac eee 8 | — 6.9.) — 6.9} — 7.8] — 5-9 
VEG Winrar acccns eroeaee seal ees HOreccl| ieee eeeae 4] + 22.4 | + 23.7 | + 13.8 |) = 19.8 
AVerape per centi.n.sisasccs Slee eee on 8] + 15.3 | + 18.7 | + 13.2 1) + 13°78 


days seem to improve gradually from beginning to end of the experimental 
session. The sharp decline in efficiency which occurred some 50 minutes 
after ingestion of the alcohol appears to be attributable to no other factor 
than to the alcohol. For the four periods succeeding the dose, the group 
results show percentage effects of 8.0, 14.9, 19.7, and 14.6 as indicated by 
the curve for alcohol effect on the chart. The average for all periods indi- 
cates decreased ability amounting to 14.3 per cent. As was found in the 
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tests with the pursuit pendulum, the strongest effect occurs in period 5. 
The pursuitmeter test immediately preceded that with the pursuit pendulum, 
so that these measurements have closely the same position in reference to 
the time of taking the alcohol. 

Seven of the subjects demonstrate poorer coordination after alcohol, 
ranging from 5.8 to 32.7 per cent. The alcohol effect for six of these men 
was larger than 10 per cent for this measurement. The strongest effect was 
found in the case of Faf, an abstinent individual. One case, Sut, who appar- 
ently did better work in this test after the alcohol than before, was the 
individual who showed irregularity in his preliminary performance for the 
two groups of days. The routine in his case was the same as for the other 
subjects who quite regularly were able to do better in the test in the pre- 
liminary periods of the alcohol days. For some unknown reason, Sut’s 
performance was contrary to this. Such a difference is sufficient to explain 
the change in sign and the average percentage improvement which he seems 
to demonstrate. 

It is noteworthy that the alcohol effect should be approximately four 
times as great with the pursuitmeter as with the pursuit pendulum. The 
pursuitmeter test is not more difficult and probably for most subjects not 
so difficult as the active part of the pursuit-pendulum test, that is, during 
the 2 seconds when the subject is in pursuit of the pendulum he has to 
move more quickly and exert himself more than during moments wheh he 
is endeavoring to compensate the movements of the needle in the stimulus 
wattmeter. In the case of the pursuit pendulum, however, the test is dis- 
continuous, as between each 2 seconds of effort at accurate coordination the 
subject has practically a rest period of 5 or more seconds when the cup is 
put down, another taken up, placed in position, and the subject makes ready 
to give the signal. When the pursuitmeter is operated, the whole test is 
continuous for 5 minutes. The subject is not so keenly aware of the pres- 
ence of the experimenter and, as explained in the description of the technique 
of the apparatus, every moment counts in the integrated score. 

The ability to rise momentarily above the depressing influence of alcohol 
or any other such factor that may be acting upon the organism is a well- 
known phenomenon. With conscientious subjects in the laboratory who 
are striving to do their best, autogenic reinforcement may play a prominent 
role, particularly in those tests which are of an intermittent character and 
require prompt, short responses. There is always the possibility that the 
laboratory environment may thus mask the effect which would commonly 
result from the same dosage if the men were outside the laboratory and 
working unobserved in their usual occupations. In developing the pursuit- 
meter, we hoped to provide a laboratory measurement which to some extent 
would correspond more nearly to skilled work outside the laboratory. 
These results on the effect of dilute alcohol upon the performance of the 
pursuitmeter test.may be interpreted as indicating that this test is a sensi- 
tive measure for motor coordination, and not such a one as will permit a 
subject to adjust himself to its performance at a certain level, regardless 
of influences which are playing upon his central nervous system. 

Briefly stated, the results found in this series of tests with the pursuit- 
meter are as follows: 
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(1) The pursuitmeter test requires considerable practice and subjects 
continue to show improvement for several days. 

(2) Following the ingestion of 1 liter of control solution, there is but 
very slight change in the average score on the pursuitmeter, but following 
the ingestion of 1 liter of a beverage containing 2.75 per cent of alcohol 
there is a marked decrease in the ability of subjects to compensate the 
movements of the instrument. 

(3) Seven out of eight subjects demonstrate definite decrease in their 
ability to perform the pursuitmeter test following dilute alcohol. The 
effect of the alcohol is most marked about 85 minutes after ingestion, when 
it amounts to approximately 19 per cent. The average effect shown for all 
observations after the ingestion of the alcohol (2 hours) amounts to a 
decrease in ability of about 14 per cent. 

(4) The maximum concentration of alcohol in the urine appears to occur 
somewhat earlier than the maximum alcohol effect on this psychomotor 
ability. 


TRANSLITERATION OF CoDE MATERIAL. 


The method of conducting the transliteration test has been fully ex- 
plained on pages 26 to 28. The material and procedure were identical with 
all subjects. 
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Fic. 50.—Average Results for a Group of 8 Men on the Effect of Alcohol Upon Per- 
formance of Substitution Code Test Following Ingestion of Very Dilute Alcohol. 


In presenting the data in table 69 and the averages in figure 50, we record 
the number of letters correctly transliterated per minute. The average 
results for the preliminary period of control and alcohol days are practi- 
cally identical, that for the control days being 24.3, and for the alcohol 
24.4 letters per minute. The individual period averages for the various 
subjects give a range from 16.0 to 32.4. Errors were not very frequent, 
though some of the poorer scores were of course due to errors. The group 
averages following the control dose are 23.1, 23.6, 24.6, and 24.8 for periods 
3 to 6. According to figure 50, after the ingestion of 27.5 grams of alcohol 
in a 1,000 c. c. solution, the efficiency in performing the substitution test is 
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slightly better in period 3 than under control conditions, but in periods 4, 
5, and 6 is poorer by an average of about 1 letter per minute. The effect 
of alcohol in terms of per cent as given in table 69 and in figure 50 is +2.5 
for period 3 (an improved performance) and —2.9, —4.1, and —4.5 per cent 
for periods 4 to 6, inclusive. The maximum alcohol effect for the group 
therefore follows ingestion by some 80 minutes, and appears to come later 
than the maximum concentration in the urine. 


TABLE 69.—The influence of dilute alcohol on performance of the code test. 


{Number of letters correctly substituted per minute.] 


Efficiency in code test at successive half-hour periods. 


Subject and type of Average 
experiment. Preliminary. | Following dose. after 
ee 2 AOse: 
1 2 4 5 6 
Control: 
d Dis ibaa ee, ye ey 21.4 | 22.1 oj Wee i 18.9 22.3 PPA Gf 21.3 
Gn ere sce ees 25.0 | 23.4 Dad 22.4 23.6 25.4 23.8 
SEL (ie 55. Wag a ey Cred es eee 22.3 | 21.6 1 ORY 21.5 aed 19.8 20.5 
a(t el SAR ie Pe a ee 26.9 | 26.9 22.6 27.9 28.8 28.6 27..0 
St ee ee Re ns 16.0 | 17.9 16.6 17.9 18.2 19.7 iReleal 
Rites premiene ott. otk n Ss 25-6) P27. 1 25.0 23.5 25.7 26.0 25.2 
UGA ate het 26.6 | 23.8 24.5 26.1 26.0 25.7 25.6 
INE OW. Saye a a cs cea stis, os 32.0 | 30.2 31.8 30.7 31.4 29.9 31.0 
AV CTAROS Peer te Li aace 2a ee ok 23,1 23.6 24.6 24.8 24.0 
Differences........... (24.3) — 1.2} — 0.7} + 0.3] +0.5 |] — 0.3 
Alcohol: | 
Bal oe see or sat ore ZITO (23.6 22.8 25.0 23.6 22.9 23.6 
ERO Soe ca ckeve es eudieiece Zonlan leet 21.6 22.3 22.0 23.5 22.4 
1 EO Gee an a ce ee RE 22.6 22.2 18.8 18.9 19.4 20.2 19.3 
PUES Rone ey ee, See S.A ee ATi PH far) 25.2 25.8 28.2 24.2 25.9 
uly eee aa rere ee ale cue ai 18.0 19.2 | 19.5 15.0 15.9 Lal 16.9 
Mrs Becta aes a lbete 25.9 26.7 | 26.4 25.5 25.4 26.1 25.9 
Stu Ge re este ecto orate 24.4 23.6 2500 23.0 26.4 24.9 25.0 
MG Wee yien eae eee a Dave = (SP gee 5 30.0 28.4 29.0 31.3 29.7 
IA VETASEN ee faa, oaks a ete 3 24.1 24.6 | 23.8 23.0 23.7 23.8 23.6 
Differences........... (24.4) 1 —0.6/} — 1.4} — 0.7] — 0.6] — 0.8 
Effect of alcohol: 
Differences for QTOUp =. «0/062 <6 [oceans i + 0.6; — 0.7] —1.0] — 1.1] — 0.6 
Per cent for group...... (24 .4) +2.5|/ —2.9} — 4.1] — 4.5] — 2.3 
Per cent for individuals: 
A AT Pee calc sloninive,| lc: ares wires aI oS ccigienntge } + 3.1 | +22.9/ + 1.3) — 3.6| + 5.9 
COMM ee fais ortcaye oie f Seances! || sreuenbee: > f— 3.0} + 5.5 | —0.9] — 2.1 — 0.1 
DET Te peat nets Mites ote oc fro Seana Lek cranes } — 5.9] —18.5] —9.5 |] + 0.0] — 7.2 
GS | eles ee Oe a ee eam 1 +11.6| — 6.0| — 0.4] —14.6| — 2.4 
Sul ere oe oe ee Fo nue ais |e ersae + 7.3 | —25.3 | —21.9 | —23.6 | —15.9 
ULE ere ee celits wifaasracaows |e ahs ee, « +5.7/+8.0/ —0.8 | —1.9| + 2.8 
aU inahe. kOe DOR oes patel ae Rrectel aes l+9.8] —7.7| +65] +1.6| + 2.6 
1 GER Aas ecogds Sree ue ERA IRE Oa [era coe —7.3/ —8.9|] —9.2|+2.9]|] — 5.6 
Average Der combs. .teuileisietaier|\2ra)</ fore + 2.7} —3.1] — 4.4] — 5.2] — 2.5 


Bearing in mind that in table 69 a plus sign denotes improvement and a 
minus sign loss of ability in this test, we observe that the 8 individuals 
demonstrate in their period results 12 plus signs and 19 minus signs, while 
there is one 0. The tendency is minus, especially in periods 5 and 6, and 
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minus values are in the majority in period 4, but plus signs predominate 
in period 3. Five of the 8 subjects indicate, on the average, poorer ability 
in the substitution after the alcohol, but one of these subjects, Kom, indi- 
cates an extremely slight minus average, although in three of the periods 
following alcohol the direction was minus. This alcohol effect is strikingly 
evident with Sul, who demonstrates fairly consistent results in periods 4, 
5, and 6, with an average decrease in ability for the observations following 
alcohol of —15.9 per cent. Faf, who in some of the other measurements 
has had a strong alcohol effect of a depressant nature, in this case, especially 
in period 4, in which his percentage effect is the largest plus value in the 
table (22.9 per cent) has a total average result of +5.9 per cent. Rir gives 
somewhat larger plus values in periods 3 and 4 than his minus values in 
periods 5 and 6; consequently his average is +2.8 per cent. Sut, the occa- 
sional extreme drinker, has an average effect of +2.6 per cent. It is note- 
worthy that in period 4, following the alcohol, his decrease in ability was 
marked, amounting to —7.7 per cent. 

Summarizing the results, we may say that: 

(1) The code or substitution test involves both accuracy and speed and 
of our various measurements is the nearest approach to mental work. 
Some 20 variations of this test, which appear to be of equal difficulty, have 
been worked out by Drs. Johnson and Paschal, and these were used in our 
study of the influence of dilute alcohol. 

(2) The performance of the code test is not poorer immediately after 
the alcohol, but from 1 to 2 hours after the ingestion appears to be poorer 
by approximately 5 per cent. 

(3) Of the 8 men used in the experiment, 6 give indication of decreased 
ability in the test, especially during the second hour after the alcohol 
ingestion. 

(4) There is no evidence of recovery in the latter part of the experimental 
session, as has been found in several other measurements, and the maximum 
aleohol effect appears somewhat later than the maximal concentration in 
the urine. 


SUMMARY FOR INFLUENCE OF DILUTE ALCOHOL ON GROU 
OF YOUNG MEN. 


The curves illustrating the average effect of aleohol found with the men 
studied have been assembled in a chart (fig. 51) that they may be con- 
veniently compared. These curves have been presented individually on 
separate charts in discussing the results for different measurements in the 
preceding pages, and the combination chart is arranged essentially in the 
same form. The scale on the left is in milligrams per cubic centimeter and 
applies to the concentration of alcohol in the urine and in the blood. The 
curve for alcohol in urine is the average which we have commonly used. 
(See table 56, p. 218.) The blood curve represents the results of observa- 
tions when both blood and urine samples were taken for comparison. (See 
table 54.) The time on the abscissa begins with the complete ingestion of 
the alcohol. The interval (D) between the two zeros of the abscissa repre- 
sents the 10 minutes for drinking the dose. Following this was an interval 
of 5 minutes (R) during which the subject sat quietly in a steamer chair; 
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Fic. 51—Curves Showing Average Effect of Dilute Alcohol (27.5 Grams in 1,000 c. ce. 
Solution) upon 9 Neuro-muscular Processes. 


The results, which are derived from as many control experiments as there were 
alcohol experiments, embody the findings for 8 different men. The scale under “Mgm. 
per c. c.” applies to the two curves for alcohol concentration in urine and blood which 
are designated “Urine” and “Blood.” The 10-minute interval when the liter of 2.75 
per cent alcohol diluted with grape juice and water was ingested is designated as “D.” 
Following the dose was a rest period, R, of 5 minutes. The four 30-minute periods 
of measurement after the completed ingestion are indicated by 3, 4, 5, and 6. These 
presuppose two 30-minute periods before ingestion to serve as daily normals. Following 
period 6 there were supplementary (Sup.) observations on pulse-rate and skin tempera- 
ture. The per cent scale at the right applies to all the curves except “Urine” and 


“Blood.” 


39 
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beyond this are the four 30-minute periods (8 to 6, inclusive) which provided 
for a like number of repetitions of the series of measurements. 

The plotted points represent the actual time positions following complete 
ingestion at which the various measurements were made, except with the 
urine curve on which the points are placed midway of the collection periods. 
The neuro-muscular tests were taken in the following order: knee-jerk; 
skin temperature (face and hands) ; pulse-rate; finger movement; code test; 
pursuitmeter; pursuit pendulum; and station. 

All of the 9 curves representing the influence of alcohol are in terms of 
per cent. The scale at the right side of the figure is to be applied to these 
curves. Minus and plus signs can not appropriately be attached to this 
scale, since the signs do not invariably have similar meaning in terms of 
alcohol effect. A downward direction of a curve or plotted position below 
the 0 in the per cent scale (see upper right corner of the chart) indicates an 
alcohol effect which is in the direction of a decrease in physiological or 
psychological efficiency. 

The significance of the direction of the alcohol effects on speed of finger 
movement, code test, pursuitmeter, pursuit pendulum, and station measure- 
ments is easily understood. If the performance in these tests after alcohol 
is inferior to that following the non-alcoholic dose, the condition may 
reasonably be thought of as decreased efficiency or as a depressant action 
of alcohol. Actually we find that following dilute alcohol the rate of finger 
oscillation is slower, the number of code letters transliterated per minute 
is reduced, the deflections of the pursuitmeter needle are less adequately 
compensated, the amount of liquid caught from the swinging pendulum is 
smaller, and the subjects are less steady when trying to stand motionless. 
All of these tests concern voluntary functions and, to a great extent, are 
within the control of the subject, who has received careful and repeated 
instructions in what he is to strive for when performing them. The labora- 
tory conditions have set a certain kind of efficiency as a goal. On the other 
hand, patellar reflex, pulse-rate, and skin temperature were measurements 
in which the subject was to refrain from striving for any particular result. 
He was tobe completely passive. 

The patellar-reflex amplitude was considerably smaller after alcohol, and 
no argument appears necessary to justify our calling this a depressant 
effect; to write “decreased efficiency” is hardly apt. The radial pulse-rate 
was definitely more rapid after alcohol and the skin temperature was 
higher. These two results are concordant, and when it is recalled that, so 
far as possible, similar physiological demands are made on the organism 
after the ingestion of both alcohol and control beverages, the functional 
level resultant from alcohol appears to represent poorer physiological effi- 
ciency. Dodge and Benedict* have reviewed the grounds for assuming that 
a faster pulse-rate from the ingestion of alcohol is due to a depressant effect 
on the vagus center. It may reasonably be assumed that the increased 
skin temperature is due to a decreased tone in the capillaries, with resulting 
dilation of these vessels.’ Hence these effects on the circulatory functions, 


* Dodge and Benedict, Carnegie Inst. Wash. Pub. No. 232, 1915, p. 233, et seq. 

> Krogh, The anatomy and physiology of capillaries, New Haven, 1922, p. 123 et seq. This may 
perhaps partly account for the decreased psycho-galvanic reflex found after alcohol by 
Whately Smith (The measurement of emotion, London, 1922. Chap. VI, pp. 124, et seq. 
‘Experiments on the effects of aleohol’’). f 
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while they have popularly been considered evidences of alcohol stimulation, 
are in reality probably produced by the depressant action of this agent. 
On this basis the results for the different measurements discussed in this 
chapter are not in conflict, but agree in showing measurable depression. 

The alcohol seems to influence particularly the knee-jerk, station, pursuit- 
meter coordination, and pulse-rate. The station and pursuitmeter curves, 
which occupy an intermediate level between those for the pulse-rate and 
the knee-jerk, both make relatively small demands upon the subject, but 
the demand is a continuous one. Any relaxation of effort and attention is 
reflected in the scores which result. In both cases the scores are cumulative 
in nature, so that all is combined in one total to represent the adequacy 
of the performance. Both these tests are believed to have many counter- 
parts in the daily activities of industrial operations. They are sensitive 
measures of the influence of superimposed factors, but experience has shown, 
as is true of motor tests in general, that care must be exercised in providing 
a suitable period of initial practice before experimentation. 

There are five measurements in which the maximum effect was less than 
5 per cent. These, closely grouped at the top of the figure, are skin tem- 
peratures, finger movement, pursuit pendulum, and code test. The skin 
temperature is a very stable physiological factor relative to the physical 
scale on which it is measured. The actual percentage change is not so 
significant as the direction and the magnitude of change in terms of degrees. 
Three plotted points in the chart appear above the zero per cent line. These 
are code, period 3; face temperature, period 3; and station, period 6; other- 
wise the average effects are all in the same direction, so that no one of the 
eight measurements used with the group of men consistently shows an 
alcohol effect out of accord with the general picture of all the measures. 

A progressive increase in the intensity of alcohol effect in period 4 as 
compared with period 3 is demonstrated in every instance by the nine curves 
in the chart. Excepting with the curve for code, there is always a less 
effect in period 6 than is found in period 5. Therefore the alcohol effect 
from a single dose of the size used has a characteristic temporal course of 
increase and decrease within 2 hours. The maximum effect was obtained 
35 to 95 minutes following the ingestion of the dose. This, as seen in the 
chart, covered the period of the maximum concentration of alcohol in the 
urine and in the blood. No matter where the points on the urine curve are 
plotted, it is evident that the effect of the alcohol is strongest just prior to 
or coincident with this maximal concentration. Essentially the same rela- 
tionship was found in some earlier experiments on Mow. 

The presentation of the data discussed in this chapter may be concluded 
by the following general statements: 

(1) When ethyl alcohol (27.5 grams diluted in 1,000 ¢. c.) is taken in a 
single portion and without food, the alcohol concentration in venous blood 
and urine rises rapidly. While both reach their maximal concentration at 
about the same time, that for the urine is usually 40 to 50 per cent higher 
than that for the blood. The maximal concentration occurs 60 to 90 minutes 
after complete ingestion and in the urine reaches approximately 45 mg. per 
100 c. c. The rise in the concentration curve is much more rapid than the 


fall. 
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(2) The curve for the alcohol concentration in the urine is indicative 
of the absorption and utilization processes and as such is a physiological 
datum which may be compared with the temporal intensity of alcohol effect 
on neuro-muscular processes. 

(3) The taking of 1 liter of non-alcoholic liquid at 18° to 19° C., and 
within 10 minutes, of itself exercises an appreciable influence on some 
measured processes: (a) the pulse-rate is slowed about 5 beats per minute; 
(b) the skin temperature is definitely lowered; (c) the patellar-reflex ampli- 
tude is heightened; and (d) the speed of voluntary finger oscillation is 
reduced. Other processes were less markedly influenced and this effect 
from what seems to be an internal cooling of the body is, in general, only 
temporary. 

(4) The ingestion of 1 liter of a solution containing 2.75 per cent of 
alcohol by weight taken at 18° to 19° C., in contrast to the non-alcoholic 
or control dose, produced effects as follows: (a) the pulse-rate for.7 men 
increased 4.4 to 17.8 per cent, or an average of 8.8 per cent for 2 hours; 
(b) skin temperature increased to a maximum of 0.3° C. for face and 1.2° 
C. for hands; (c) patellar-reflex amplitude decreased at maximum 38 per 
cent; (d) ability to stand motionless with eyes closed was reduced by about 
20 per cent, 65 minutes after ingestion; (e) speed of voluntary finger move- 
ments was reduced about 2 per cent; (f) accuracy of eye-hand coordination 
in pursuit movements was reduced about 4 per cent in spite of spurts of 
effort; (g) compensation of the pursuitmeter was poorer by 14 per cent for 
the average of all periods; and (h) ability to transliterate code material 
was 4 or 5 per cent less. All of these results appear to be concordant 
and are interpreted as evidence of decreased efficiency, physiological and 
psychological. 

(5) The maximal alcohol effect found in the various processes usually 
measured occurs just prior to or coincident with the maximal alcohol 
concentration found in the series of urine samples. 

(6) The results for the influence of very dilute alcohol on the group of 
men studied in this chapter thoroughly substantiate the direction and 
approximate intensity of the more extended results reported on one trained 
subject. (See pp. 125 to 202.)* These group results are furthermore in 
essential agreement with those obtained in the series of typewriting experi- 
ments in which the alcohol dosage was much more concentrated. (See 
pp. 29 to 91.) 


@ See, also, Hollingworth, Therapeutic Gazette, February 15, 1921, and page 203 (footnote b) of 
this monograph, for brief statement of his results. 


CHAPTER VII. 


RELATIONSHIP OF ALCOHOL EFFECT TO ALCOHOL 
IN URINE. 


The diffusibility of ethyl alcohol is a well-known characteristic of this 
substance. When placed in the stomach it very soon appears unchanged 
in the blood and is also recoverable from other body fluids and tissues.* 
Alcohol absorption and elimination or utilization has been studied repeat- 
edly, most of the work having been done with animals. Those who have 
interested themselves in the psychological or physiological effects have 
usually given little or no attention to the simultaneous study of the absorp- 
tion phase of the problem. It is only through observations of this latter 
type that the real intensity of alcohol dosage from a particular beverage 
and set of experimental conditions may be known. The problem of relating 
the direction and intensity of physiological or psychological effects to the 
incidence and changing concentration of a substance like ethyl alcohol in 
the organism is relatively new. Such a comparison is peculiarly possible 
in studies on the influence of alcohol, especially if the alcohol concentration 
in urine collected at frequent intervals gives, as suggested by Widmark, a 
correct picture of the changing course of absorption and utilization. From 
experimental evidence presented in Chapter VI,” we have found that the 
curve for alcohol concentration in the urine agrees very well with that for 
venous blood in respect to the rate and period of rising concentration, time 
of maximum, and beginning of fall. The urine curve is regularly at a higher 
level than that for venous blood. This difference, since the curves are very 
much alike in other respects, is not apparently a disadvantage. 

Comparison of measured quantitative effects with the height of alcohol 
concentration in the urine samples may be made between different sets of 
experiments or, more minutely, between different time periods within one 
set. Observations of the latter type occur in the discussions of data given 
in Chapters V and VI, and such relationships will be further considered 
after the more general comparison is made. 

Does the average level of the alcohol-urine curve correlate with the 
intensity of the alcohol effect? The original data at hand for answering 
this question are of two classes: 

1. Those obtained with varying conditions and volumes. An experimental 
beverage containing 2.75 per cent alcohol by weight was taken under dif- 
ferent conditions and in various amounts, several series of experiments being 
made with one subject. 

2. Those obtained with different men. Doses of the same dilution and 
the same volume were given to men who differed in body-weight, and also 
in alcohol experience. 


s New data on the diffusion of ethyl alcohol from the mother into the foetus, and the presence of 
alcohol in the milk of nursing mothers has been published recently. See Olow, Biochem. 
Zeitschr., 1922, 134, p. 407, and same journal, p. 553. The original and well-known work 
of Nicloux on these subjects was published in 1900. 

’ See also Miles, Journ. Pharmacol. and Exp. Therapeutics, 1922, 20, pp. 265-319. 
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COMPARISON OF AVERAGE RESULTS FOR DIFFERENT 
CONDITIONS. 


The 11 series of alcohol experiments on Mow, with 15-minute periods, 
were made under such a variety of conditions that the levels of the alcohol- 
urine curves vary appreciably. The different series may be easily ranked 
with respect to the height of the curves for alcohol concentration and also 
for the combined intensity of alcohol effect. Such ranking may be based 
solely upon the maximal values or upon the entire series of results. In this 
comparison, the latter more inclusive basis has been used. In all the experi- 
ments in these 11 series there were 14. periods of measurement after the 
ingestion of alcohol, each 15 minutes in length, so that the courses of the 
alcohol-urine curve and of the alcohol effect were followed for 34% hours. 
The first step in ranking the results was to group these short periods into 
larger time units. Periods 3, 4, 5, and 6 have been grouped as the first 
hour, 7, 8, 9, and 10 as the second hour, 11, 12, 13, and 14 as the third hour, 
and finally periods 15 and 16 as the fourth hour after alcohol ingestion. 
For each experimental series and for each measurement the percentage 
effects found in the first, second, third, and fourth hours have been averaged 
separately. For example, the station tests in series A (see p. 183) show an 
increase in swaying in periods 8, 4, 5, and 6, of 11.1, 29.3, 24.6, and 39.5 per 
cent; the average for the first hour is therefore 26.1 per cent. Series B for 
the same test and hour gives an average of 21.5 per cent. Of the 11 series 
the smallest average alcohol effect indicated for station in the first hour 
was ranked 1; the other percentage averages were ranked in sequence, the 
largest effect being considered as 11. The 11 averages for the second, third, 
and fourth hours after aleohol were ranked in the same way. Then the 
ranks for the 4 hours were totaled for each series. By means of these totals, 
the 11 series were then ranked for the station measurement. When each 
of the 11 series had thus been ranked on the six measurements, a final 
ranking was made by totaling. Thus, series F, in which was given a double 
dose (2,000 c. c. containing 2.75 per cent of alcohol), had the following 
ranks for the various measurements: station, 11; finger movement, 10; 
pursuitmeter, 11; eye movement (left), 11; eye movement (right), 11; code 
test, 11; with a grand total of 65 points. Series J, in which a half-liter of 
milk was taken 1 hour after the alcohol, had the following ranks: station 
4; finger movement, 2; pursuitmeter, 5; eye movement (left), 2; eye oue 
ment (right), 1; code test, 1; with a grand total of 15. As 15 was the 
smallest total, series J received a final rank of 1 as exhibiting in general 
the least alcohol effect of the 11 series. Similarly, 65 being the largest 
series total, series F received the final rank of 11. The values for the 
alcohol concentration in the urine for the 11 series were also grouped 
averaged, and ranked in exactly the same way that station or any other 
measurement was treated, the lowest score for alcohol concentration being 
ranked as 1 and the highest score as 11. 

The final results from this ranking, which is the most direct method of 
obtaining a comparative statement for the relation of alcohol effect and 
alcohol concentration in the urine, may thus be represented as follows: 


Series of alcohol experiments :* ABCDEFGHIJK 
Rank for alcohol concentration in urine samples. 6 7 5 910114 1328 
Rank for intensity of alcohol effect. 6 7 5 10 9/1132 814 


* For description of the distinguishing features of these various series, see p. 181. 
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The correspondence between these pairs of ranks is too nearly identical 
to be a matter of accident. A high degree of positive correlation is indi- 
cated. Four of the experimental series (A, B, C, and F) have identical 
ranks in both factors; five more series (D, E, G, H, and J) each have ranks 
that are within 1 point of each other. In the remaining two series the ranks 
differ considerably. These are series K, in which there were periods of 
physical work, and series I, in which 0.5 liter of water was given 1 hour 
after the dose. The ranks for the alcohol effect in series I are with the 
various measurements as follows: station, 4; finger movements, 8; pursuit- 
meter, 8; eye movements (left), 6; eye movements (right), 8; code test, 9. 
The alcohol concentration in the urine for this series ranked for the 4 hours 
are 2, 3, 3, and 4. There is therefore a definite difference in this series, 
which we can not explain. Neither can we satisfactorily explain the effect 
of physical work in reducing the measured influence of alcohol, while the 
aleohol-urine curve still remains at a fairly high level. In these rather 
complicated alcohol experiments a wide range of conditions was covered, 
and naturally the data for any one set of conditions are quite limited. 
Nevertheless the comparison for these many experiments on Mow clearly 
indicates a direct relationship between intensity of effect on the nervous 
system and content of alcohol in urine.* 


COMPARISON OF RESULTS WITH DIFFERENT MEN TO 
DETERMINE INDIVIDUAL DIFFERENCES. 


When several men are given identical doses of alcohol and follow the 
same experimental routine, will each maintain the same rank in alcohol 
effect that he shows for alcohol concentration in the urine? To answer 
this question, we have examined the data obtained in the 9 measurements 
used as indicators of the alcohol effect’ in the study of the group of subjects 
described in Chapter VI. Rank 1 was assigned to that subject who, on the 
average, gave the least alcohol effect, judging the typical influence on each 
measured process to be that demonstrated by the average for the group. 
Rank 7 or 8, according to the number of subjects on whom data were 
collected in the particular measurement, was assigned to that individual 
who demonstrated the largest average effect of alcohol upon the factor 
measured. In ranking these individuals, a preliminary table was made 
up for the 8 subjects and their ranks with the various measures tabulated 
in series. These ranks were then summed up to secure the final or general 
rank for each man. Two of the men did not have a complete series of tests, 
for it will be recalled that the knee-jerk could not be taken with Hic and 
that the observations on Mow did not include pulse-rate, skin temperature, 
and knee-jerk. The subjects were also compared and ranked on the basis 
of the height of alcohol concentration in the urine. (See table 56, p. 218.) 
For this comparison, the four average values, i. e., those taken at 35, 65, 
95, and 125 minutes following the ingestion, were totaled for each subject 
and the totals were then compared. Two subjects, Hic and Sul, happen to 
Se Rae, TE RP AEN OR os Ta 07 oan ihe alachal bf 4000 Gad Gdeeslecha ot 
ees sorcsor usined. Tho’ cider bot ave’ the highat goucenine 

fiona and also the stronger effects as may be seen in Chapter V, p. 174. 
> Skin temperature is included twice in this numbering, as the temperatures of the face and of the 
hands are considered separately. 
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have the same total for the four values, but Hic has arbitrarily been 
assigned a position above Sul, inasmuch as the concentration in his first two 
alcohol periods was higher, indicating more rapid absorption in the early 
part of the experiment. 

There were 6 of the 8 men whose previous experience with alcohol and 
practice in the various tests were apparently nearest in conformity, so that 
their results could rightfully be compared. This grouping would exclude 
Sut, as his experience with alcohol was widely different from that of the 
other men, and the data obtained with him were very irregular, especially 
as to the concentration of alcohol in urine and also in the blood. This 
irregularity is readily seen by contrasting the results of his two alcohol 
days, October 14 and 20, when the difference was much greater than that 
found between the two similar days of any other subject. Mow is likewise 
excluded from this general comparison on account of his very extensive 
practice with the tests; furthermore, as stated, his series did not include 
observations of the pulse-rate, skin temperature, and knee-jerk.* 

The six men who may be logically compared with one another rank as 
follows in regard to the average alcohol concentration in urine and effect 
of alcohol on measured efficiency, proceeding from the greatest to the least 
in each case: 


BRAC ole: Re EMS ei eS Pee ie AUR Ora ER Oo 6 5 4 3 4 1 
Alcoholiconcentration ene eee: men eae ee ee eee Faf Jem Hie Sul Kom Rir 
‘ATGOHOl efeC bees. sete ence Aie's, Mohs eis Sites soe a oe ees Faf Jem Hic Kom Sul Rir * 
Body-weight from lightest to heaviest..................- Jem Sul Hic Faf Kom Rir 


These ranks are parallel, except that the positions of Sul and Kom are 
reversed in the two comparisons. The subject (Faf) who shows individually 
the most marked average effect of alcohol, taking the results of all the 
measurements into consideration, is the one who also shows the highest 
concentration of alcohol in the urine (and quite probably in the blood). 
Likewise the individual who demonstrates the least alcohol effect among 
the men of this group also ranks lowest in the concentration of alcohol in 
the urine. Similar identities of rank are found in the intermediate positions, 
so that these data as a whole indicate a high order of positive correlation 
for ordinary subjects and dilute alcohol solutions between the intensity 
of the toxic effect and the height of the alcohol concentration occurring in 
the urine samples. 

As the alcohol doses were identical for all of the men, the comparative 
body-weights of the different subjects must be taken into consideration. 
The six men rank in body-weight from the least to the greatest as follows: 
Jem, 63.1; Sul, 66.8; Hic, 67.6; Faf, 70.2; Kom, 73.4; and Rir, 75.0 kg. 
From this it will be seen that there is some relationship between body- 
weight and alcohol concentration in the urine. It might be expected that 
the largest man would show per cubic centimeter of body fluid the lowest 
alcohol concentration, and vice versa for the smallest man. In this com- 
parison, three subjects, Rir, Kom, and Hic, maintain the same rank in order 
of decreasing weight in both series, i. e., 1,2, and 4. Jem, who is the lightest 
man, shows next to the highest alcohol concentration. Sul is fifth in point 


a ee ee 
°In place of these measures, eye movements, eye reactions, and sensory-threshold determina- 
tions were made. 
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of body-weight, but third in point of alcohol concentration in the urine, 
that is, he has a considerably lower concentration than might be expected 
in comparison to his body-weight. He was the one subject who served in 
the morning and in the post-absorptive condition. There is therefore the 
undemonstrated possibility that under fasting conditions the alcohol may 
have been more rapidly used by the organism than in the case of the other 
subjects with whom it was separated from the previous food by approxi- 
mately 5 hours. At least the facts are that Sul, although of light body- 
weight, shows a relatively slighter alcohol concentration and a still less 
pronounced alcohol effect than most of the others, since in smallness of 
effect he stood second.*. The most striking deviation is in the case of Faf, 
who was third in weight but sixth in concentration and in the intensity of 
alcohol effect. Faf was the only man who had been completely abstinent, 
since he does not remember having taken alcoholic beverages at any time 
‘prior to these experiments.’ 

Probably the individual differences in the effect which alcohol is fre- 
quently said to exert on the central nervous system of different men 
therefore rests to a considerable extent on differences in the absorption 
of alcohol. Body-weight and tolerance or habituation are undoubtedly 
factors of importance. We must continually recognize the possibility of 
subjects like Swt, who, if included in this comparison, would have ranked 
fourth in alcohol effect, the sum total of his ranks being nearly the same 
as that of Kom. As seen in table 56 and figure 41 (pp. 218 and 219), Sut 
had the highest average concentration of alcohol in the urine.’ He is there- 
fore an exception, so far as our data indicate the direct correlation between 
concentration and effect. It seems that the solution of his case is bound 
up with the problem of tolerance, both physiologically and psychologically 
developed.4 


Nore A.—Sut is described on page 208 as an occasional extreme drinker, and 
credited with being able to consume very large amounts of alcoholic liquors with- 
out apparent intoxication. Contrary to the results for all the other subjects 
included in tables 54 and 55 (pp. 212 and 213), he does not show a higher alcohol 
concentration in the blood or in the urine with the more concentrated dose. 
He is also the one exception in table 56 (p. 218) in reference to the total volume of 
urine following the taking of alcohol as compared with the control dose, showing 
somewhat less excretion with the alcohol. On October 14, the alcohol concentration 
in the four urine samples was found to be 0.28, 0.69, 0.69, and 0.64 mg. per eubic 
centimeter, which are remarkably high values for these conditions. He received 
the same amount of alcohol (27.5 grams in 1,000 c. c.) as on September 27 (see 
tables 54 and 55) and on October 20 (see table 56). In the October 14 experiment, 
the dose was taken nearly 4 hours after the last food, which was medium in amount. 
The subject claimed to be in normal condition and to have taken no alcohol 
since the previous experiment. The results of the neuro-muscular tests on 


a Compare with the effects in the first two hours in series B with Mow, Chapter V, p. 185, and 
see subjective effects reported in Appendix by Mow, p. 286. 

’ It is not possible to assign trustworthy ranks to the 6 men in the matter of previous use of 
alcohol, desirable as this would be for comparing the factor of habituation with our other 
eealta. On habituation to alcohol, see Riegel, Psychologische Arbeiten, 1923, 8, p. 48. 

© His body-weight was 52.7 kg. ‘This is more than 10 kg. less than the other light subject, di em, 
who weighed 63.1 kg. A high concentration might therefore be predicted for him, and this 
he demonstrates. 
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October 14 show a more decided effect of the alcohol than those on October 20, 
indicating that actually a stronger influence was acting upon his system. These 
erratic results which Sut exhibited in the concentration of alcohol in the blood 
following doses containing like amounts of alcohol, but with different dilutions, 
and in the concentration of alcohol in the urine following the same dosage and 
dilution, together with the reputation that the subject has in reference to large 
quantities of alcohol, raises the question of abnormality of absorption and elimina- 
tion in his case. 

On one occasion he volunteered the information that he had learned a method 
which aided him in taking large quantities of alcohol without disastrous results. 
When he anticipated attending some function where in former times considerable 
liquor would be served, he fortified himself by drinking 100 or more cubic centi- 
meters of olive oil. He was not familiar with the experimental work that had 
been done by Hanzlik and Collins (Journ. Pharm. and Exp. Therapeutics, 1913-14, 
5, p. 185) demonstrating retardation in alcohol absorption in ligated intestinal 
loops when a small amount of olive oil had been injected preceding the alcohol. 
Undoutedly he had a more extensive alcohol history than any of the others, or 
perhaps than all of them combined. If comparable data could have been obtained 
with other subjects with similar experience or of the habitual type, as was our 
plan, these results would naturally have been presented separately from those 
obtained with moderate or abstinent subjects. It was not possible to do this, 
and therefore the experimental results for Sut in the foregoing tables of Chapter VI 
have been presented and averaged with the data for the other men. 


The question whether the relative level of the alcohol-urine curve cor- 
relates with the general intensity of alcohol effect during the 2 or 3 hours 
following ingestion may therefore be tentatively answered in the affirma- 
tive. That dosage or group of conditions which, contrasted with other 
experimental series, results in the highest concentration of alcohol in the 
urine likewise is found to show the most marked general influence of the 
alcohol on the physiological and psychological processes. Among normal 
individuals classed as abstinent or moderate drinkers, the height of the 
alcohol-urine curve gives a fairly reliable index to the intensity of toxic 
influence which will be demonstrated. These conclusions are perhaps not 
particularly novel, but, so far as the writer is aware, they have never 
before been proved by objective evidence. Our data have certain short- 
comings and breaks in continuity of which we are quite conscious, but for 
the conditions tested they give rather definite results. The assumption 
that a series of urine samples, collected at short intervals, serves as an 
adequate index of the effective aleohol dosage to which the nervous system 
is subjected, rests on the supposition that the alcohol enters the urine by 
way of diffusion. The difference between the alcohol contents of urine 
and venous-blood samples as simultaneously collected, which is proved by 
these data, is not necessarily in conflict with the diffusion theory. At 
present the relationship existing between the alcohol content of urine and 
of arterial blood is unknown. There is a good reason to suppose that after 
ingestion the alcohol content of the arterial blood in the unsaturated organ- 
ism is somewhat higher than that of venous blood. Pending investigation 
of this biochemical problem, it may tentatively be assumed that frequent 
urine samples provide a near approximation to the alcohol content of 
arterial blood and represent the changing course of concentration from 
hour to hour. 
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COMPARISON FOR RISING AND FALLING CONCENTRATIONS. 


We now turn to a consideration of whether the changing concentration 
of alcohol in blood or urine which, following a single ingestion, runs a 
characteristic course of rise and fall, is actually paralleled throughout by 
changes in the toxic effects. Schweisheimer* believed this to be the case. 
In his excellent paper of 1913 he has a paragraph as follows: 


“A further result for the experimentation is the fact, stated for the first 
time, that the psychic condition of men who have taken alcohol depends on 
the concentration of alcohol in the blood. With animal experiments, such 
a proof could naturally not be given. But in this research, it is absolutely 
proved that with abstinents, moderate drinkers, and habituals, the condition 
of intoxication by such signs as dizziness, numbness, tiredness, and, in 
lighter cases, talkativeness and hilarity, is exactly parallel in increase and 
decrease with the rising and sinking of the alcohol content in the blood. 
Aside from this, we have to say that with the abstinent and habitual, the 
same concentration of alcohol in the blood caused in the first stronger 
symptoms of drunkenness and in the latter weaker symptoms.” 


It is not recorded that Schweisheimer made any objective measurements 
of a physiological or psychological nature to determine the intensity of toxic 
influence. His subjects were kept in bed during the experiments for the 
purpose of reducing and making uniform the factor of muscular exercise. 
His conclusion, so far as the alcohol effect is concerned, seems entirely 
based on clinical evidence, rather than on measured changes. 

In giving the results for the various series of experiments, it has been 
repeatedly pointed out in this monograph that the maximal influence of the 
alcohol occurs at about 60 to 90 minutes after ingestion. The charts in 
Chapters V and VI giving curves for the alcohol effect and the concentra- 
tion of alcohol in the urine usually indicate” that the maximal concentration 
falls at 60 to 90 minutes. Frequently in presenting these results the inti- 
mate connection between the rapid rise in alcohol content of the urine and 
the prompt and simultaneous fall in the efficiency of the subject has 
been noted. Considering the complexity of experimental conditions, this 
phenomenon is so regular and well-marked that it is unnecessary to examine 
the various series separately. While some measurements, for example, 
pulse-rate, pursuitmeter performance, and code, do not show the maximal 
effect so early as knee-jerk and station, yet, as a generalization, our 
several results demonstrate approximately a parallel temporal relationship 
between the rising alcohol concentration and the initial falling neuro- 
muscular efficiency with about synchronous maxima for the two processes. 

Thus far the relationship outlined agrees well with the statement of 
Schweisheimer, but when the falling concentration and the decreasing alco- 
hol effect in the second or third hour after ingestion are considered, his 
conclusion does not fit the facts. An examination of the charts in Chapters 
V and VI will show that the descending portion of the alcohol concentration 
Bae ara eco ee nAToe: ibe Gas EE tikag-pelbtt and at vacfous interval venous blood 

samples were taken and the alcohol content determined. 


> Some of the series on Mow with 15-minute periods, in which special complicating conditions 
were introduced, are exceptions. 
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curve is much more gradual in slope than is the ascending portion. When, 
as was usual, the alcohol dose was taken in one portion, the beginning of 
decline in concentration is observable shortly after the maximum has been 
reached. The curves do not reveal “the Gréhant plateau”* (prolongation 
of the maximal concentration), probably because the doses were relatively 
so small as compared with body-weight. With this slow and moderate 
decline in alcohol content of the urine, there is a rather sudden decrease 
in the alcohol effect. The amount of recovery far exceeds proportionately 
the extent of fall. To generalize the findings in another way, a given 
height on the rising side of the alcohol-urine curve is accompanied by a 
much stronger measurable effect than is the same concentration-level on 
the declining side. Rising and falling concentrations may not be equivalent 
or physiologically comparable as indices for the amount of alcohol acting 
on the nervous system. Experiments in which the concentration-level after 
the first swift climb is held steady or made to continue rising very slowly 
would be of special significance in this connection. Series D, page 187, is 
of this type. In this series, the subjects took a liter of liquid, 2.75 per cent 
of which was alcohol; beginning 1 hour later, 50 c. c. doses of the same 
beverage were taken each 15 minutes for 244 hours. During this time the 
alcohol content of the urine very gradually increased. (See fig. 29, p. 189.) 
The measured alcohol effects, however, show essentially the same results 
as when the concentration is falling during the latter part of the experi- 
ment, i. e., they are much less pronounced. This prominent recovery while 
the concentration curve in Series D is still rising in the last hour or more 
of the experimental session is especially noteworthy in the station measure- 
ments, but appears also in the data for eye-movement velocity, pursuit- 
meter operation, and code test. 

The pronounced tendency for toxic symptoms to decrease rapidly after 
the maximal concentration has been reached and before the alcohol content 
of body fluids has shown much decline was also observed by Mellanby, at 
first in experiments with dogs’ and later with men.° His conclusions from 
the work with dogs were in part as follows: 


“A dog begins to show signs of intoxication when the alcohol of the blood 
reaches about 354 cubic millimeters per 100 grams of blood.* At this stage 
it will probably hit its hind toes against the floor in walking. Its move- 
ments will be slower and after a period of excitement its interest in external 
conditions will be less than usual. This only applies to the ascending por- 
tion of the curve. It has already been stated that the symptoms decline 
after the maximum of the alcohol in the blood has been reached. When 
the alcohol has declined again to 354 cubic millimeters, the dog will prob- 
ably appear almost normal, and will certainly be less intoxicated than at 
the corresponding point on the ascent of the curve.” 


“ Gréhant: Compt. rend. Soe. biol., 1899, 51, p. 946, and 1903, 55, p. 1264. 

’ Mellanby, Alcohol: Its absorption into and disappearance from the blood under different con- 
Aras British Medical Research Committee, Special Rept. Ser. No. 31, 1919, London. 

ee p. 32. 

* Mellanby, British Journ. Inebriety, 1920, 17, p. 157. In this instance a man was given 171 
c. ¢. absolute alcohol. On one occasion, Mellanby gave 900 ec. ec. of liquid containing 19 
per cent of alcohol by volume and on another 3,100 e. ¢. of stout, containing 5.5 per cent 
of alcohol by volume. At intervals after ingestion the subject copied a small drawing of 
a square, with diagonals, surrounded with a circle. 

4 Rquivalent to about 2.84 mg. per cubic centimeter. 
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In his study of the drawing ability of one man, an habitual, to whom a 
large dose of alcohol had been given, there was very obvious and rapid 
improvement closely following the highest concentration in the blood. 
Mellanby draws the conclusion that descent of the alcohol curve not only 
means improvement, but “the improvement may be so pronounced that a 
man may apparently be more sober than on the occasions when less alcohol 
is present in the blood.” 

The explanation of this phenomenon is probably not due to any pecu- 
liarity of ethyl alcohol as a pharmaceutical substance. It doubtless is to be 
accounted for on the basis of the irritability characteristics of the nervous 
system. The rate at which an irritant, such as the electric current, is 
applied to a nerve is an important factor in initiating the conducted dis- 
turbance. This relationship between rate of change and excitation has 
been long recognized, and in the field of neuro-muscular physiology is 
known as Du Bois-Reymond’s law. On the psychological side similar facts 
may be abundantly observed for sensory stimulation and adaptation, per- 
ception of differences, the shifting of attention, and other mental processes. 
Apparently the organism is peculiarly susceptible to initial disturbances of 
its equilibrium. The suddenness with which an irritant or a depressant is 
applied or invades the body counts much in determining the intensity of 
the resulting immediate effect. 

The influence of alcohol on the physiological and psychological processes 
thus supplies another instance of the importance of the rate of attack on 
the nervous system. The dilution or concentration of the beverage, the 
presence or absence of food in the stomach, the rate of ingestion, the amount 
of absolute alcohol given per kilogram of body-weight, and other conditions 
all have their significance in changing the rate as well as the general level 
and maximal intensity applied to the organism. These considerations 
emphasize the desirability of making a coincident study of absorption, by 
some such means as the analysis of urine samples, when measuring the 
resulting influence from different alcohol dosages. 


CHAPTER VIII. 


REVIEW AND GENERAL CONCLUSIONS OF INVESTI- 
GATION ON THE INFLUENCE OF ETHYL ALCOHOL. 


In the preceding chapters, the conditions pertaining to each series of 
experiments have been carefully defined, and detailed information given 
as to alcohol dosage, experimental program and routine, food, etc., even 
though such statements may appear to some readers as needless repetition. 
The discussion of results for each measurement has likewise been carried 
out as if that measure were used in no other series. At the end of each 
group of experiments a summary of results is given, stating in an orderly 
way the conclusions which seem justifiable within the limits of that investi- 
gation. Thus, each chapter from II to VI, inclusive, is essentially complete 
within itself as a statement of the influence of ethyl alcohol on neuro- 
muscular processes in man under certain defined experimental conditions. 
These chapter summaries will not be repeated here, and reference should 
be made to them in their proper context. A comparison of the various 
summaries will reveal a striking similarity in at least the qualitative con- 
clusions from the different series of experiments, the results being con- 
spicuously concordant and cumulative. It is this particular feature which 
will be briefly considered in these general conclusions after a review of 
certain pertinent facts bearing on the investigation as a whole. 


BRIEF SURVEY OF RESEARCHES REPORTED. 


This report is based on 166 experiments with human subjects. No experi- 
ment was shorter than 2 hours, most of them occupied 3 to 6 hours, and 6 
required the services of the subject during the evening, all night, and a 
portion of the next morning. The observations were made on each subject 
individually. In 100 experiments a solution of alcohol was given, these 
being controlled by 66 experiments in which non-alcoholic solutions were 
ingested. The experiments were grouped as follows: 

In a series of 44 experiments, of which 23 were control, i. e., non-alcohol, 
a study was made of the effect of alcohol on typewriting efficiency and 
simpler related acts. In the alcohol experiments 21 to 42 grams of alcohol 
were taken in 14 to 22 per cent (by weight) solutions. The observations 
were continued for about 4 hours after ingestion of the beverages. Five 
trained typists served as subjects. (See Chapters II and III.) 

Six experiments (three of them control) were characterized by rectal 
injection of the alcohol, with the subject asleep. In the three alcohol 
experiments, 37.5 grams of alcohol were given in 7.5 per cent (by weight) 
solution. The evening and morning performances of the subject were con- 
trasted and the electrocardiogram was studied. (See Chapter IV.) 

In 70 experiments with a well-trained subject, 26 of the experiments 
being control, the alcohol was given in a 2.75 per cent (by weight) solution 
with various dilutants. The standard dose was 1 liter, containing 27.5 
grams of alcohol. The effect was followed for 2 to 4 hours after drinking 
and a considerable variety of conditions and measurements were studied. 
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Urine samples were collected at short intervals and the alcohol content 
determined. (See Chapter V.) 

Finally, 46 experiments, of which 14 were control, were made with 9 
men, mostly medical students. This study included a comparison of the 
alcohol content of blood and urine samples when 27.5 grams of alcohol 
were taken in both a 27.5 per cent solution and a 2.75 per cent solution. 
The influence of the 2.75 per cent solution upon the physiologival and 
psychological functions was studied and the temporal relations of the 
alcohol effect with the curves for alcohol concentration in the urine noted. 
(See Chapter VI.) It is seen from this survey that the great majority of 
the experiments in the different series have to do with moderate alcohol 
dosages given in very dilute solutions. 

A total of 16 men acted as subjects in the four researches, each man 
ordinarily serving on 6 or more experimental days. As a general rule, the 
first two experiments on each subject, although performed with the usual 
care, were considered as practice, and except for the determinations of the 
alcohol in the blood and urine samples, the data do not enter directly into 
the results reported. In one or two instances the men had seemingly been 
entirely abstinent until the beginning of the experiment, but most of the 
subjects were occasional moderate users of alcoholic beverages. Two could 
be classed as habitual, or occasionally immoderate users. Susceptibility to 
the effects of alcohol was not sought in selecting the subjects, and it is 
believed that the men represent an average group in this respect. One man, 
Sut, was chosen because of his reputation for showing only slight toxic 
effects from heavy drinking. None of the subjects gave any evidence of 
ill health. There was no lack of cooperation on the part of the 16 sub- 
jects, but one habitual (not included in this number) refused during the 
first preliminary day to have a second blood-sample taken, and no further 
observations were made with him. 

In this study of the influence of ethyl alcohol on the human organism, 
objective data have been collected on about 20 physiological and psycho- 
logical measurements. Under the physiological measurements may be 
classed the following: (1) quantitative determination of the alcohol appear- 
ing in blood and urine samples at intervals after ingestion; (2) volume 
of urinary output; (3) metabolic rate as shown by the oxygen consumption; 
(4) pulse-rate during rest; (5) heart-rate during physical work; (6) the 
form of the electrocardiogram; (7) the skin temperature; (8) the knee- 
jerk; and (9) the protective eye-wink reflex. Among the psychological 
observations, the chief measurements were: (10) reaction time of the eye 
in turning toward peripheral stimuli; (11) reaction time in speaking 
exposed words; (12) visual acuity; (13) sensory threshold for electric 
shock; (14) station, i. e., standing motionless; (15) velocity of eye move- 
ment when looking back and forth between two points; (16) speed of finger- 
tapping; (17) eye-hand coordination with the pursuit pendulum; (18) con- 
tinuous coordination with the pursuitmeter; (19) typewriting efficiency for 
tasks of varying difficulty; and (20) transliteration of code material. 
With several of these measurements, data of more than one sort have been 


* The combinations of measurements used in the different series of experiments and the detailed 
techniques are given in Chapter I. 
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secured, that is, speed and accuracy, quantitative and qualitative phases, or 
central tendency and deviation have been separately treated. 

The individual experiments have usually been divided into half-hour 
periods. A group of measures which could be completed within this time 
was carried out twice (periods 1 and 2). Between periods 2 and 3 the 
alcohol or control solution was taken by the subject and four or more 
periods, i. e., repetitions of the series of measurements followed this inges- 
tion. Comparison is made between the scores preceding and following 
ingestion and between the alcohol and non-alcohol groups of days. It is 
the large variety of measurements as well as the repetition of observations 
at short intervals for 2 to 4 hours after drinking on any one day which has 
necessitated so extended a presentation of results in the preceding chapters. 
It is hoped that the somewhat cumbersome amount of data and the detailed 
treatment are more than compensated by the ultimate value of a many- 
sided attack on the problem. 


GENERAL CONCLUSIONS FROM EXPERIMENTAL RESULTS. 


For a summary of the representative results of the whole investigation, a 
comparison may be made of the findings with the smaller dose of alcohol 
(approximately 24 grams) in the typewriting series, the average results 
in the rectal-feeding series, the averages for the first five series performed 
on the trained subject, Mow, and the averages for the group of subjects 
who took a 2.75 per cent solution of alcohol. These results are assembled 
in table 70. The subjects, also the dosages and conditions, were different 
for each of the four series. The headings for the four columns in table 70 
reveal these facts, and the footnotes indicate where the full details may be 
found. The left-hand portion of the table gives the measurement used and 
states the general direction of the effect of alcohol demonstrated in the 
first 2 hours after its ingestion. Except in the column giving the results for 
rectal feeding, the figures represent averages for the first 2 hours following 
complete ingestion of the prescribed dose. 

By recording the direction of the alcohol effect with each measure, it is 
possible to eliminate the confusion of plus and minus signs in the per- 
centage results for the effect of alcohol. These statements as to the general 
direction of the alcohol effect for the period mentioned may be readily 
verified for any measurement by referring to the several places in the 
report where the full data for the measure are given. (See Index.) 

For the pulse-rate during rest and during work, the metabolism, and the 
skin temperature, the alcohol effect is in the direction of increase as these 
factors are usually measured. It will be difficult to challenge the con- 
clusion that these changes represent other than a decrease in organic 
efficiency due to depressant action of ethyl alcohol, inasmuch as such 
changes are regularly associated with decreased reflex irritability, slower 
reaction, less keen, i. e., higher sensory thresholds, slower muscular move- 
ments, less adequate and accurate muscular control, and less agile mental 
operations. The whole qualitative picture is one of decreased human 
efficiency as a quickly-following result from the ingestion of this pharmaco- 
dynamic substance. 
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, One entry in table 70 (1.0 per cent for electrical threshold) is given in 
italics, as it represents an improvement over normal. In one curious 
instance,” that of the lid-reflex amplitude in the rectal-feeding series, there 
was no change. The remaining 40 entries in the table are concordant in 


r ° . 
TaBLE 70.—Comparison of summarized alcohol effects for various series of experiments. 


[Unless stated to the contrary, the averages cover 2 hours following ingestion of alcohol.] 
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1 The results used here are from the smaller dose of alcohol given the typewriting subjects. The dose was about 
0.5 ec. c. alcohol per kilogram of body-weight, hence it ranged from 21 to 28 grams of alcohol and was given 


in 14 to 22 per cent solutions. See Chapter II. F 
2 In the rectal-feeding experiments the effects were measured for 6 to 8 hours after the rectal ingestion of alcohol 


was begun. See Chapter IV. 

? See Chapter V, pp. 125 to 180. The studies with 30-minute periods, but not those with 15-minute periods, 
are included in this summary. 

4 See Chapter VI. 

5 In the 4-hour period following completed ingestion of the alcohol. 

6 Represents an improvement above normal. 


direction, and when comparisons of the same measure may be made, as, 
for example, eye movements or finger movements, they show fairly good 
quantitative agreement between different series. There are 4 cases in which 
the change produced by alcohol is greater than 20 per cent. These include 


ee a ee 
6 In former alcohol publications from the Nutrition Laboratory, reflex amplitude usually shows 
marked decrease as an alcohol effect. 
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the decrease in accuracy and quality of the typewriting performance, the 
decrease in amplitude of the knee-jerk, and increased swaying in the sta- 
tion test. In 5 instances the change is from 10 to 20 per cent. The measure- 
ments which show these prominent alcohol effects are pulse-rate during 
rest, metabolism, station, and coordination with pursuitmeter. In the range 
from 5 to 10 per cent there are 12 cases; between 2 and 5 per cent, 15 
cases; and for changes less than 2 per cent there are 6 entries. 

If all of the experimental series are included, there is a rather large 
amount of pulse data. These reveal a very definite alcohol effect of an 
increase in rate, i. e., shortened pulse-cycle length. On control days the 
pulse-rate usually becomes gradually slower from hour to hour, while after 
the ingestion of alcohol this retardation is not only lessened but, in addi- 
tion to this relative acceleration from alcohol, there is frequently an abso- 
lutely faster rate than in the preliminary periods before the alcohol was 
taken. Pulse data were collected with nearly all of the subjects. The 
singular unanimity of these pulse data is noteworthy when it is remem- 
bered that there has been great disagreement in the literature on this point 
as reviewed by Dodge and Benedict.® 

In a forthcoming publication by Dr. Thorne M. Carpenter, of the Nutri- 
tion Laboratory, pulse-rate will be further considered in connection with 
the influence of alcohol on the total gaseous metabolism. The results of 
the present experiments indicate an increased oxygen consumption following 
alcohol. The pulse-metabolism law, or parallel change of these two func- 
tions, thus finds another illustration. 

The mechanism by which the skin temperature is increased after alcohol 
is not revealed by our experiments. It appears reasonable to suppose that 
/ it is at least due in part to loss of tone in the peripheral blood-vessels, just 
as the reflexes have suffered depression of tone resulting in a decreased 
response and slower action. That some of these phenomena due to the 
action of alcohol should in the past have been regarded as evidences of 
stimulation was, perhaps, only natural, but when grouped with the results 
of other neuro-muscular measurements, the general picture is found to be 
one of depression and decreased physical and mental efficiency. 

In most respects the results of these researches are in substantial agree- 
ment with those of Dodge and Benedict, in so far as the former experi- 
menters used comparable conditions and dosages. From the data gathered 
in the researches reported in this monograph, it would seem necessary to 
dissent from one of their conclusions, or at least to consider that the 
generalization should be held in abeyance. In discussing the effects of 
alcohol on the different levels of the nervous system, they state: “The 
lower centers are depressed most and the highest least.”” If their summary 
in table 46 (p. 244 of their report) is taken as it stands and the figures are 
read from left to right as representing lower to higher centers, it is seen 
that their conclusion is largely influenced by the marked alcohol effect on 
the amplitudes (H) of the two reflexes included in the group of measure- 
ments. If the comparison is confined to the time factor or latency (R) of 
the reflexes, since it is the time factor that is under consideration for the 


* Dodge and Benedict, Carnegie Inst. Wash. Pub. No. 232, 1915, pp. 186 et seq. 
5 Ibid., p. 245. 
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reactions and the coordinations, there is but little distinction and the gen- 
eralization is unsupported. 

Similarly, in table 70 of the present monograph, when the depressant 
effects of alcohol on the rates of different processes are compared, it is 
found that the influence upon reflex latency is 4.1 and 2.2 per cent, on 
reaction time 4.0, 2.4, and 4.4 per cent, on velocity of eye movement a gen- 
eral average depression of about 6 per cent, on speed of finger movement 
about 2 per cent, on coordination with the pursuit pendulum 4.7 and 3.2 
per cent, on the rate of typewriting 2.6 per cent, and on the rate of trans- 
literating code 7.0 and 2.3 per cent. Without affirming that all levels are 
influenced equally, we may conclude that at present there is no certain 
evidence that in general the higher centers are influenced least. 

Reflex amplitudes are conspicuously variable measurements,” and unless 
one can compare them with some equally variable phenomena at the higher 
neural levels, quantitative comparisons are likely to be somewhat unbal- 
anced. In making use of any neural process for the study of such an 
ingested substance as alcohol, much depends on the particular factor 
selected for observation. If, for illustration, the process being measured is 
typewriting, and we consider the rate of striking the keys, the effect is 
found to be approximately 3 per cent. If, however, we choose to observe 
the frequency of striking wrong keys, then the alcohol effect is above 30 
per cent. Again, if we select a still more variable or accidental phase of 
the process, viz, sequent combinations of errors which result in illegibility 
of the copy, then the alcohol effect is above 50 per cent. The factors in 
any neuro-muscular process which are normally quite variable seem also, 
as a usual thing, quite vulnerable to the attack of alcohol. The adequacy 
or quality of work, at least in laboratory performances, suffers more under 
alcohol than does the quantity or rate of work. Any assessment of the 
decreased efficiency resulting from small amounts of dilute alcohol must 
take into account both these phases. It is much the easier to measure 
accurately the speed factor. This in our experiments shows a value 
approximating a 5 per cent decrease as an average for the several instances 
in table 70. Judging from the errors in typewriting and from the decreased 
accuracy in coordination with the pursuitmeter, the quality of work suf- 
fered by about 20 per cent. 

There is no longer room for doubt in reference to the toxic action of 
alcoholic beverages as weak as 2.75 per cent by weight. If 27.5 grams of 
alcohol are taken in this form, the well-defined and measurable depression 
in physical and mental processes, judged within the limits of this investiga- 
tion, is not far short of the result found when 21 to 28 grams of alcohol are 
taken in solutions varying from 14 to 22 per cent. 

Alcoholic beverages of all strengths may be taken so slowly, in such small 
amounts, or so diluted with food that the content in the blood remains 

280, 1919, pp. 592-593), the writer has reported knee-jerk data collected on 63 men. Of 

this number, 15 did not show a reflex of measurable amplitude; the remaining 48 men gave 
an average of 15 mm., with a range of 2to 45mm. The standard deviation for the entire 
series was 11.4 mm. and the coefficient of variability 76 per cent. The coefficient of varia- 


bility for the reflex latencies was, however, 21 per cent, which is approximately that found 
for reaction time measurements. 
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very low and the effects likewise minimal. For the influence on the alcohol 
effect of such factors as dilution of beverage, size of dose, rate of ingestion 
and absorption, food, habituation to experimental routine, the effort of men 
to resist the alcohol effect in their laboratory performances, body-weight, 
individual differences in susceptibility, etc., the reader must be referred to 
the summaries in previous chapters. 


APPENDIX. 
SUBJECTIVE EFFECTS OF ALCOHOL. 


The presentation and discussion of the results in the preceding chapters 
have been strictly objective in character. These results were apparatus 
readings of one sort and another, uninterpreted and unsupplemented by any 
subjective impressions of either the men experimented upon or the experi- 
menter. Such quantitative evidence and impersonal treatment are required 
for the problem considered in this report. 

The subjective side of the question must not, however, be wholly neg- 
lected if we are interested in the psychological influence of ethyl alcohol. 
The man experimented upon is continually required to respond promptly 
and accurately to various tasks. Obviously he will have subjective impres- 
sions of his fitness for carrying out the routine demanded of him and will 
form judgments as to the satisfactoriness of his performance. If there are 
any unusual sensations, it is he who knows their qualitative aspects. These 
personal sensations and opinions are very important to the individual and 
influence the working capacity. It has often been incidentally reported, 
when moderate doses of alcohol are used with human adults, that the sub- 
ject’s impressions concerning his own efficiency ran counter to the objective 
results.° Furthermore, such observations will have interest, since it has 
been noted in the previous discussion that the objective results for various 
men show effects from the ingestion of the alcohol which are definitely in 
the same direction, and it is reasonable to suppose that there will be sim- 
ilar uniformity in the subjective impressions of the men. 

In view of these considerations, it seems justifiable to give here sum- 
maries of personal observations and impressions which were recorded at the 
time of the experiments in the series discussed in Chapters IT, III, V, and VI, 
i.e., the experiments with typewriting, with the trained subject Mow with 
very dilute alcohol, and with the group of men likewise studied after doses 
of very dilute alcohol. These should have significance to the reader in 
answering various questions having to do with alcohol experimentation, as, 
for example: (1) Is a liter of fluid too much to take at one time? (2) 
Can the alcohol in the dose be so masked that the subject is unaware of its 
’ presence? (3) At what time after drinking are the subjective effects most 
prominent? (4) Under what circumstances are the effects most clearly 
recognized, and how are they generally described? (5) Do most of the 
subjects feel aided or hindered in their laboratory routine work by the 
effects experienced? (6) Do the men exhibit distinct individual differences? 


TYPEWRITING EXPERIMENTS. 


Typewriting belongs to a group of skilled operations, in which the accus- 
tomed operator has a unique chance to judge his own efficiency, particularly 


NN 
a ent study by Meyer (Am. Journ. Psychol., 1923, 34, p. 501), alcohol doses of 10 c. c. 
ae ESA in 3 hate of the effect of alcohol on writing shorthand. He observes (p. 509): 
““the work of the alcohol days seemed to fly ahead and pull the operator after it. And then, 
when he looked at the outcome, he found to his surprise that his efficiency was much poorer 
than he had expected. It seems clear that a worker who lacks means of obj ectively measuring 
his efficiency can not trust his own feelings in the matter.” See, also, a new study of the 
effect of alcohol on perception, Roos, Psychologische Arbeiten, 1923, 8, p. 93. 
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when the typist rewrites the same or similar material from experiment to 
experiment. For this reason the general introspections of the subjects of the 
typewriting experiments should be of unusual interest. 

At the close of each day’s experiment, every typist was asked to give his 
impressions concerning his own work and the effects of the dose. The sub- 
ject never knew how much alcohol was taken, but believed that the dose 
always contained alcohol. The men were not questioned on a set list of 
topics, as their own descriptions of personal experiences were desired. 
Some naturally expressed themselves more freely than others, following 
and during the experiment. In addition to these notes, the investigator had 
ample opportunity to make full records of the comments and behavior of 
the men while they were engaged in typing. Excerpts from these notes as 
to the subjective effects of the alcohol are given in the following pages.* - 


Roj (I). 


September 21, 1914. Control dose at 11520m am., 4% hours after food. 

“Felt no effects from medicine; it tasted like cloves.” 

September 22, 1914. Alcohol, dose A, 24 gm., at 10h25m am., 3% hours after food. 

“The type bars seemed to lock and interrupt my writing with unusual frequency 
to-day.” 

September 23, 1914. Control dose at 9h45m a.m., 2% hours after food. 

“The dose to-day was not so strong as yesterday, but stronger than on the 21st.” 

September 24, 1914. Alcohol, dose A, 24 gm., at 9b40m am., 3 hours after last food. 
10h55™, practice No. 4, subject acted fatigued and sleepy. 

“T felt a little dizzy after taking the dose. Really it is the first time that I have 
felt or seemed to notice it. It caused me to yawn a few times.” 

September 26, 1914. Control dose at 9b45™ a.m., 2% hours after food. 

“To-day I felt unable to make my fingers work. My arms became more tired than 
usual. I got some relief by holding them in against my sides. I did not notice 
the medicine, or the effect of it very much, unless it was this tiredness in my 
arms.” 

September 26, 1914. Alcohol, dose B, 35 gm., at 940m am., 2% hours after food. 
10h34m, nonsense copy No. 8, subject missed the carriage handle and hesitated once in 
the middle of the movement. 

“This morning’s dose affected my legs and made me feel weak and drowsy, some- 
thing like my experience the day before yesterday (September 24). My arms 
did not feel as they did yesterday. To-day when I tried to make speed, it 
seemed as if I would strike two keys instead of one, that is, my fingers would 
strike in between the keys. I think the dose was stronger, perhaps, than on 
any other day, and affected me fully as much and maybe more. Usually my 
work in the second period is better than in the first, and in the third period 
it is the best of all during the day. This morning during the second period I 
felt lost.” 


Roj (ID). 


October 6, 1914. Control dose at 9h05™ a.m., 234 hours after food. 
“No effect was felt from the medicine.” 

October 6, 1914. Alcohol, dose A, 24 gm., 8h45m am., 2 hours after food. At 
8b50m he seemed to be writing much faster than during the first period. At 9b50m, 
sense copy No. 4, he leaned far back in his chair as he worked, evidently trying to ease 
up some condition that was troubling him. ss 

“My eyes grew very tired. They almost watered for a while this morning. I 
think these things were the effect of the medicine. About 10h00m I was so 
tired I would like to have been excused for the day.” 


a a a nL 
* Comparison of these notes with the experimental records may be made by reference to Chapters 
II and III, pp. 29 to 110, and more especially to tables 1 to 33, inclusive. 
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October 7, 1914. Alcohol, dose B, 35 gm., 8h50m a.m., 2 hours after food. 9b19m, 
practice No. 3, subject had a great deal of trouble with the locking of the keys. 10b18m, 
subject excused for urination. 

“To-day was much harder than yesterday. The drink seemed to take the life and 
snap right out of me; I could not help it. I was drowsy and my fingers 
seemed to be stiffened, making it impossible to strike the keys that I wanted. 
My lower limbs did not seem affected as at some other times.” 

October 8, 1914. Control dose, 8h45m am., 2 hours after food. 

“The medicine to-day produced no effect that I could feel. I did not get tired; 
once or twice my fingers felt slightly tired from work, but there was not the 
characteristic effect of the medicine. The work was much easier than yester- 
day.” 

Ing. 

‘September 28, 1914. Control dose at 11h50™ a.m., 4% hours after food. He had no 
trouble with the type-bars catching, and seemed to get on very well. 

“T felt no effect from the drink, but was a little nervous because of the newness of 
the work. Some of the inaccuracy in my work was because of trying for 
speed.” 

September 29, 1914. Alcohol, dose A, 24 gm., at 10h00™ a.m., 3 hours after food. 
10h17™m, nonsense copy No. 2, he shook his head several times as if he recognized having 
made mistakes. 11100™, subject excused for urination. 

“T think I could feel just a little effect of the ‘dope.’ It seemed to make me feel 
free or happy. I do not think that it hindered my work. Are you going to 
increase the dose at the same rate or in the same proportion as to-day’s 
increase over yesterday’s dose?” 

September 80, 1914. Control dose at 9h05™ a.m., 2% hours after food. 

“No effects of the medicine, only the effects of increasing tiredness.” 

October 1, 1914, Alcohol, dose A, 24 gm., at 8550™ a.m., 2 hours after food. 955m, 
subject excused for urination. 

“No particular effect of the drink except a kind of warming in my stomach. My 
eyesight not so good as usual. I feel decidedly better now than at the end of 
the work yesterday.” 

October 2, 1914. Alcohol, dose B, 35 gm., at 8h45m a.m., 2 hours after food. 950m, 
subject excused for urination. Many times during the day the subject shook his head, 
as if he had trouble in finding the right key, or had already made a mistake. This was 
especially when he was working with the nonsense copy. 

“T am tired, more tired to-day than after the work yesterday. I was not tired to 
begin with, though. It seemed to me to be a hard day all through. I have 
not been able to make the typewriter go so well as at other times. Thought 
of asking to be excused to plunge my face into cold water to wake me up. I 
thought, however, that this might not be in harmony with your experimental 
procedure. I have some headache now, but do not know what caused it; I 
did not have it to start with.” 

On the following day, October 3, before beginning experimentation, Lig had the 
following comments to make regarding his experience on October WY, 

“After I came out of the sleepiness or doze which I felt during yesterday’s experi- 
ment, I was somewhat sick, my head began to ache, as I told you, and I felt 
a little nausea.” 

October 3, 1914. Control dose at 9h10m a.m., 2% hours after food. Subject had a 
little tendency to diarrhea, 12527m p.m., nonsense copy No. 8, he made a fumble at 
some place in his copy to such an extent that he said “Oh,” upon discovering his 
be d no effect of the drink to-day. My work was satisfactory to myself this 

morning.” 


Suf. 


November 2, 1914. Control dose at 11h10™ a.m., 3% hours after food. 
“Felt no effects of the medicine, but somewhat nervous in the midst of so much 


apparatus.” 
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November 3, 1914. Alcohol, dose A, 24 gm., at 945m a.m., 2% hours after food. 

“The alcohol made me a little dizzy at first. Perhaps it caused me to work some- 
what faster, but I may have made more mistakes.” 

November 4, 1914. Control dose at 8450™ a.m., 2% hours after food. 
“To-day I had no difficulties; there was no effect of the medicine experienced.” 
November 6, 1914. Alcohol, dose A, 24 gm., at 835m a.m., 1% hours after food. 

“T got along very well in the experiments, but the drink made me feel somewhat 
dizzy or light-headed, as on the second day of the experiments. I think I 
worked faster as a result of the medicine.* The light-headedness does not last 
throughout one whole set, but continues for only about 15 minutes. At other 
times, when I have taken liquor of my own accord, I have experienced much 
more dizziness and light-headedness than I have so far felt in these experi- 
ments, so I can easily recognize the effects.” 

November 6, 1914. Alcohol, dose B, 35 gm., at 8150 a.m., 2% hours after food. 
gh55m, he was excused for urination. 

“The drink affected me about as it did yesterday, and I think helped me to make 
speed as usual.* It helped me to get down to business. I am not at all tired. 
My finger movements to-day were not so good as on other days. When I 
tried to move my fingers as rapidly as possible to-day, they seemed to cramp 
along at the end of the second period. This I have not noticed before.” 

November 7, 1914. Control dose at 8h45m a.m., 2 hours after food. 

“T noticed no effects from the dose to-day. My fingers did not cramp as I spoke 

of their doing yesterday.” 


Fam. (1). 


March 22, 1916. Control dose at 8220™ p.m., 1% hours after food. 

“T did not taste the alcohol; it was hidden by the taste of orange. My fingers 
seemed to get crossed a good many times. I think this was due to the 
medicine.” 

March 23, 1916. Alcohol, dose A, 21 gm., at 7h46m p.m., 1%4 hours after food. 830m, 
he could not remember what came next, and had to be reminded that the practice 
material and not the sense copy was to be written at this time. 

“The drink made me a little sleepy this evening. I could taste the aleohol more 
than last night, and think it affected me more to-night.” 

March 24, 1915. Control dose at 7510™ pm., % hour after food. He expressed 
certainty that the drink contained alcohol. 

“IT got on pretty well with the work, except that the drink made me sleepy at the 
beginning of the third period and continued through the fourth. During the 
last two periods I felt some better.” 

March 25, 1918. Alcohol, dose A, 21 gm., at 720m pm., 3% hour after food. At 
8h22m, during the word-reaction test, the subject seemed depressed. 957m, just before 
the nonsense copy No. 6, subject was given a glass of water, as on the previous night 
and at the same place in the experimental program. 

7h45m, “My breathing is quite unnatural. I feel just like crawling out on the floor 
and going to sleep.” End of session: “I could not make my fingers go. I was 
sleepy, numb, and ‘dopy.’ I wanted to lie down. But in the last three periods 
this feeling left me completely and I was able to do good work.” 

March 26, 1915. Alcohol, dose B, 32 gm., at 7h15™ p.m., % hour after food. At 7b55m, 
sense copy No. 3, he was writing very fast. The keys locked together frequently. He 
was very evidently fighting the effects of the dose. 

Following experiment: “I was rather sleepy during periods 5, 6, and 7, but did not 
have so much of a sleepy, ‘dopy’ feeling as I did last night. I tasted the 
alcohol as much and, I think, more than before.” 


8 

* These subjective impressions of Suf’s work may be compared with the objective results in 
tables 3, 5, and 7, pp. 49, 54, and 58. In the first table mentioned, it will be found that 
he did actually write more strokes per second in the practice task in periods after dose B 
After dose A he did about as well in period 2, and better in periods 3 and 4 than found in the 
preliminary period. With the prose copy he surpassed his preliminary performance only 
in period 2 after dose B. With the nonsense copy (table 7), his speed performance was 
always slower after the alcohol. Therefore it was the work with the practice sentence that 
gave the subject his impression, which, as a whole, was not borne out by the data. 
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On the following evening (March 27), before beginning the tests, the subject as 
usual made statements as to his physical condition, food, amount of sleep, and other 
conditions, and then entirely without solicitation or questioning made these comments: 

“Last night, after I left here, I was very unusually tired, more tired than at any 
time during the week. I wanted to go to sleep in the car. During the experi- 
ment I had the idea of getting through on time and of doing the same amount 
of work as on the previous night, and this seemed to keep me up until I got 
through and went away from the Laboratory. Then there came a relapse and 
I felt especially tired.” 

He made no remarks to indicate that the dose had been unusually large. When 
asked if he thought he could really judge of the effect of the alcohol doses on his own 
typewriting performance, he answered: 

“Well, if you want to know in so many words—the alcohol slows me down; at 
least, the way we are taking it here. The effects are most noticeable from the 
beginning of the third period on to almost through the fifth period, and then 
they practically go away. That is my experience. I came to this conclusion 
about the third night, and did not have this idea before engaging in the 
experiments. It is an observation on my own work.” 

No confirmatory or direct reply was made. He commented further: ‘ 

“If I could take the alcohol and then go out of doors and walk for an hour or so 
in the open air and come back, I believe that I would feel hardly any effects, 
but to take it and then plunge right into the work, I am quite sure that the 
effects will show up and rather prominently.” 

March 27, 1915. Control dose at 7518™ p.m., % hour after food. On beginning to 
drink, he said: 

“T can smell it. Could taste the alcohol but very little and there was no belching 
tonight. Felt myself slowed down in the nonsense copy, but can not remember 
in what period.” 


Fam (iI). 


June 9, 1916. Control dose at 6425m p.m., 3% hours after food. From the beginning 
of the first period it was evident that he was not working to his usual capacity. He 
admitted having lost sleep by very late hours the previous two nights and was 
dismissed. 

June 10, 1916. Control dose at 6515™ p.m., 3 hours after food. The subject had no 
symptoms of sleepiness tonight. 

“No effects this evening and not drowsy.” 

June 11, 1916. Alcohol, dose A, 21 gm., at 6405 p.m., 3 hours after food. 610m, 
practice No. 2, appeared to be the fastest he had ever shown in the tests. 643m, he 
belched frequently. 7548m, sense copy No. 5, he was evidently trying very hard for 
speed. 

; 6h14m, “T can taste the drink all right.” 643m. “TI am having to force myself at 
the last of the second period and now I feel something of that ‘dopy’ sen- 
sation. My arms feel heavy and numb.” Following the experiment: “In the 
third and fourth cycles I forced myself to keep up the speed in spite of the 
effect of the dose.” 

June 12, 1915. Alcohol, dose B, 32 gm., at 5h25m p.m., 2% hours after food. After 
he had taken the dose he made a grimace and asked if he could not have a little water 
to take the taste from his mouth; he was given 20 c. c. of tap-water. 6540™, subject 
was quite talkative. 

630m, sense copy No. 4. “We are almost half through and it seems as if we had 
not been working very long. I am not making many errors, except on that 
word ‘brave. I can not get the ‘r’ quickly enough.” Following the experi- 
ment: “There was a sensation of heaviness in my arms in the last part of 
the second and the first part of the third periods. I think I did not make so 
good speed as last night.” 

June 18, 1916. Control dose at 525m p.m., 2°%4 hours after food. 

6b50m, practice No. 5. “For speed and accuracy, this practice sheet is about the 
best I have made in the whole series.” At the end: “Did not have any of the 
burning in my stomach that I had on the previous night. The medicine is 


282 ALCOHOL AND HUMAN EFFICIENCY. 


hard to take. I do not think it will start me on the road to drinking again. 
To-night I felt a little below par in the fourth period for some reason.” 


Mih (1). 


April 19, 1915. Control dose at 7615m pm., 1%4 hours after food. Following the 
experiment, the subject gave no account of any alcohol effect, nor did he indicate 
whether he thought the dose contained much or little alcohol. 

April 20, 1916. Alcohol, dose A, 26 gm., at 6h45m p.m., % hour after food. 658m, 
he forgot that he was to write the nonsense copy and immediately after the sense copy, 
he started to come across the room for the word-reaction experiment. 807™, nonsense 
copy No. 4, subject, in throwing back the carriage, missed the lever very frequently at 
the first attempt. (The form of the lever was not identical with that he uses in the 
business office.) 

“Do not think that the dose affected me. I belched a very little, perhaps twice, 
but did not experience any sleepiness.” 

April 21, 1915. Control dose at 6420™ pm., % hour after food. 7)04m, subject lost 
his place completely in nonsense copy No. 3. 

Following the experiment: “I am not tired or sleepy, and did not feel any effects 
of the drink.” 

April 22, 1916. Alcohol, dose A, 28 gm., at 6h25m pm., % hour after food. 

“T felt no effects whatever this evening. There was no discomfort in the stomach 
and no dizziness. The work seemed to progress very nicely.” 

April 23, 1916. Alcohol, dose B, 42 gm., at 6420™ pm., % hour after food. 

“T have just a touch of headache. Sometimes after taking the drink I could hardly 
move my fingers, especially in the finger-movement test. Near the end I felt 
a slight burning in the stomach.” 

April 24, 1916. Control dose at 625m pm., % hour after food. 

“T thought the medicine affected me a little this evening in the second and third 
periods. My fingers seemed limp and I was a little drowsy and dull, then 
everything came back to me in fine shape in the fifth period. I did not belch 
nearly so much to-night as last night. As a general thing in these experiments 
I have felt no effects of the medicine or practically none. I smelled and tasted 
the alcohol and have belched some, but that is about all.” 


Mih (II). 


June 21, 1915. Control dose at 6410™ p.m., 5%4 hours after food. From the remarks 
of the subject after the experiment, he evidently experienced no effects this evening. 

June 22, 1915. Control dose at 555m p.m., 514 hours after food. 

“T have not felt, sleepy during the evening and was not influenced in any way 
by the drink.” 

June 23, 1915. Alcohol, dose A, 28 gm., at 5455™ p.m., 5% hours after food. 6h05m 
sense copy No, 2, subject did not write so fast as in the first period. Immediately after 
the sense copy, he made ready for the word-reaction test, forgetting the nonsense 
typewriting. When he was told that it was not time for the word reactions he did not 
seem to understand without very full explanation. He walked very unsteadily, giving 
definite evidence of intoxication. He recognized the condition himself and seemed 
somewhat embarrassed. 

“T noticed myself feeling topheavy in the middle of the second period, and when 
I got up to begin the word-reaction test, before the nonsense copy had been 
written, my legs felt queer, as if in walking I was lifting them up too high in 
the air for normal steps. I hardly knew what I was sent back for at first 
until I came to my chair and then remembered that I had not written the 
nonsense copy. I did not feel natural until the fifth or sixth period. In the 
middle of the second sense copy I had to get my head near to the page to see 
the copy. I could not be so sure of the words as previously.” 

June 24, 1915. Alcohol, dose B, 42 gm., at 5450 p.m., 5% hours after food. 5h55m 
practice No. 2, a very good typewriting performance. 605™, nonsense copy No. 2 he 
appeared to be having a very difficult time. His breathing was labored and he leaned 
forward near the copy, although the lamp was adjusted as usual. Unstable in his 
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movements when walking over to the word-reaction position. On returning to the 
typewriter at the beginning of the third period, he was in poor condition for work. 
6h22m, sense copy No. 3, face almost in contact with the copy at times. He looked 


over the top of his glasses as elderly persons often do. 8h00™, period 6, the work was 
very satisfactory. 


Following the experiment: “The alcohol acted on me the same this evening as it 
did last night. I was not sleepy and had no headache, but simply felt a kind 
of hazy condition. It is all gone now. I think the drink did not taste quite so 


strong as last night, and perhaps did not give me such a burning feeling in 
my stomach.” 


June 26, 1915, Control dose at 548m p.m., 5% hours after food. 6415™, practice 


No. 3, he did fast work and showed none of the signs of distress exhibited the previous 
night. 

“T experienced none of the feelings of the previous two nights. There is no one 
period that I can designate as poorer in its production than the others this 
evening. To-night it tasted more like medicine; on the previous two nights 
it seemed to taste more like whisky. The doses had more effect on me the 
two preceding nights than in the first series of experiments.” 


From the foregoing notes and comments, it is perfectly evident that the 
complete masking of the alcohol in such experiments is practically an 
impossibility. Doses compounded so as to resemble “bitter medicine” more 
than usual beverages make it difficult to estimate the alcohol content at the 
actual time of ingestion, but the masking of the substance from taste is 
unimportant unless the doses are exceedingly small. The experiences of 
these men prove that if 25 grams or over are given on a relatively empty 
stomach, there are characteristic subjective symptoms which are clearly 
recognizable. 

There were 22 experiments’ in which the non-alcoholic control dose was 
given. In 16 of these, the subjects reported that no effects were experienced. 
On six occasions, September 23 and 25 (Roj 1), March 22, 24, and 27 (Fam 
I), and April 24 (Mzh I), the men thought the dose produced some effects, 
but these are reported as mild. The reports made by Fam and Mih were 
for experiments in their first series, which immediately followed a heavy 
meal taken at the Laboratory. The dullness may have resulted from the 
proximity of the meal. Of the 13 occasions when dose A was given, two 
are reported as having “no effect”; these were in the first series with Mih 
after the Laboratory meal. Four were stated as giving mild effects, six 
as clearly recognizable, and one (Mzh II, June 23, 1915) as very strong. 
After dose B, which was given eight times, there was one experiment (Mth 
I following food, April 23, 1915) in which the effects may perhaps be 
characterized as mild. In all the other seven cases the alcoholic influence 
was prominently present to the men. 

Although ignorant of our dosage routine and that non-alcoholic control 
doses were given, the men regularly reported subjective symptoms which 
distinguish between the control and alcoholic beverages. When alcohol 
was actually given, they usually recognized a diminution in their own 
typing efficiency, so that, in general, the subjective impressions agree with 
the objective results. The subjects as a rule tried to resist the effect of the 
alcohol and to keep up their rate of work. This fact has a bearing on the 
interpretation of the results obtained in most laboratory experiments with 
alcohol. 


* Excluding that of June 9, 1915 (Fam II). 
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EXPERIMENTS ON MOW WITH DILUTE ALCOHOL. 


The author personally served as subject in all the experiments chrono- 
logically outlined in table 37, page 130, which are discussed in Chapter V. 
In addition to the objective records, the subject (designated as Mow) made 
personal notes regarding his sensations and impressions in connection with 
the experiments. These notes were entirely spontaneous, recorded without 
thought of publication, and usually written immediately after the labora- 
tory sessions, or, at latest, the evening of the same day or the following 
morning. The notes are rather fragmentary and not to be considered a 
complete introspective analysis. They were made with no knowledge of 
the experimental records, and the writer believes his notes to be quite inde- 
pendent of suggestion from other people and free from an attempt to accen- 
tuate any factors in the subjective experience. As notes for the numerous 
observations on Mow were more or less similar in character, it has seemed 
desirable to condense them to a summary rather than to follow the detailed 
presentation adopted for the typewriting experiments and those subse- 
quently given for the group of men. 

It will be remembered that the conditions varied considerably in the 
series with Mow, more particularly in the experiments with the shorter 
periods (15 minutes). The subjective impressions are therefore not grouped 
chronologically, but according to the conditions, those for standard condi- 
tions being given first. Under standard conditions the 27.5 grams of alcohol, 
diluted to a volume of 1,000 c. c., were given in a single dose at the end of 
the second period. In referring to the various experiments, the numbers 
given correspond to those in the chronological table 37 on page 130.* 

Water or grape juice was used for combination with the alcohol, except 
for two series in which beer and cider were employed as dilutants. Mow 
found the grape-juice combination easier to take than any of the others. 
as the taste of the raw alcohol was less noticeable. He could easily smell 
and taste the alcohol and noted definitely different sensations in the mucous 
membrane of the mouth and throat after it. (Experiment No. 4.) “The 
beverage seems especially unpleasant as one finishes taking a glass of it. 
During the actual moments of drinking it is not distasteful.” 

Within 15 minutes of taking the dose, slight dizziness was usually felt, 
with sensations of fullness and dullness in the back and sides of the head. 
There was a feeling of lack of control, with instability and limpness of 
knees, especially apparent in any major change of position, such as from 
sitting to standing, in walking, and particularly in changing his direction 
in walking. When sitting quietly, this lack of control was hardly notice- 
able. (Experiment No. 3.) “About 30 minutes after ingestion and for a 
period of one-half hour or more a strange feeling in the lower limbs per- 
sisted. This resembled that which occurs when, after a long bicycle ride, 
one dismounts and starts walking.” (Experiment No. 43.) “At the drink- 
ing of the first glass a slight sensation of fullness passes over the back of 
the head. This is combined with a little indefiniteness or blurring of vision. 
Later the fullness and dullness in the back and sides of the head become 


¢ Comparison of these notes with the experimental data may be made by reference to tables 
38 to 53 for the experiments with 30-minute periods, and to figures 26 to 36 for the experi- 
ments with 15-minute periods, all in Chapter V. 
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more pronounced. One yawns at intervals and stretches the arms. About 
30 minutes after such doses of alcohol as I am taking the knees feel limber, 
not weakened, but unsteady. On quickly turning and rising to walk there 
1s some uncertainty in the action of the legs and feet and also in the eyes. 
Possibly it is the compensatory eye movements that are disturbed.” At the 
end of an experiment (2 to 31% hours), these effects had largely or wholly 
passed away. In the standing test, Mow noted at times. sudden variations 
from vertical greater than usual. 

After taking the liter of alcohol or control solution, the subject noted a 
distinct cooling of the body, particularly in the hands and arms. He would 
usually lean against a steam radiator during the 5-minute interval after the 
complete ingestion of the dose. 

In addition to these physical sensations, there was also (experiment No. 
33) “a feeling of remoteness, of not being in intimate contact with the work 
in hand. When I make some adjustment in preparation for one of the 
experimental tasks, I keep assuring myself with such phrases as the fol- 
lowing: ‘Yes, it is correct’; ‘I have fixed that in the right way’; ‘I have not 
forgotten it,’ etc. A part of this is of course due to my concern that the 
experiment shall be uniform in all of the adjustments.” (Experiment No. 
3.) “Some 30 minutes after drinking the dose, a minor matter of repair 
had to be made on the falling-plate camera used to record the eye move- 
ments, and I attempted to assist the technician in this matter. It seemed 
to me that I could do my part all right and that I succeeded in it, but I was 
conscious of working at long range or as if under distracting conditions.” 

In his notes for experiment No. 47, he says: “Although I have not men- 
tioned association and mental imagery following alcohol in my earlier notes, 
because it seemed that these phases might easily be modified by some 
mental attitude, I am quite confident now that there is a change in these 
produced by such alcohol doses as I have been taking. The 5-minute per- 
formance at the pursuitmeter has become fairly automatic, so that the 
attention often wanders. I notice frequently during the interval mental 
associations for which I can not trace the connection. These come so sud- 
denly, and with such a warm glow and persistent vividness, that I am 
surprised. One feels his experiences are very rich and important. The most 
agreeable results from my taking the quantities of alcohol common in these 
experiments is this rich and warm mental association stream, and second, 
the fact that the experiment passes more quickly and the routine seems 
less tedious after alcohol.” ; 

(Experiment No. 62.) “During this experiment I have again noticed the 
vividness of mental images from memories of all sorts. They stand out 
sharply, nearly like perceptions. One cause for this may be that after 
alcohol I am not so apt to be distracted by noises about the building or 
other sensory stimulation. This, coupled with the chance nature of the 
associations which come as distinct surprises, makes it easy for one to give 
himself up to an unusual degree to the enjoyment of this mental reverie.” ; 

Mow estimates his efficiency in the various tests in his notes for experi- 
ment No. 33. “With the code test I usually feel that I do better with the 
alcohol. The letters for substitution seem to come easier and I can at 
times get two in rapid succession. I feel sure that the letters are being 
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written as I want them written and think T, I, J, Q, F, H, U, V, and Y 
are made somewhat more promptly than the others. Previously there has 
been some difficulty in making the letters quickly and at the same time 
plainly. Under normal conditions I now occasionally experience an inhibi- 
tion when I wish to write J, I, H, or F, but after alcohol I do not have this 
hesitation.” 

“The eye movements and eye-reaction measurements seem much the 
same after alcohol as under normal conditions. These two tests are the 
easiest of all and are done without appreciable effort on my part. In the 
finger movements I seem to be as rapid with alcohol as without, but note 
that I can not make a free large amplitude so easily. My fingers seem 
cramped and to require more effort to move them. When I sit down at the 
pursuitmeter, I feel it will be possible for me to do as well as without the 
alcohol, but sometimes during the 5-minute test I notice, to my surprise, 
that the needle has wandered farther to one side than I usually allow it to 
do. With the pursuit pendulum there is hardly any difference, except that 
the test seems to be carried out more easily after alcohol. In the station 
test I can not stand quite so still after alcohol. With the electrical thresh- 
old I believe I do as well with the alcohol as without it.” 

In experiments Nos. 38 and 41, the beverage contained more alcohol than 
the standard dose. This was not known to the technician and the subject at 
the time of the experiments, as the alcohol content of the cider used as a 
dilutant had increased more rapidly than was predicted. The subject, how- 
ever, noted a difference in the effects. (Experiment No. 38.) “The effects 
throughout the afternoon were stronger than usual.” (Experiment No. 41.) 
“T felt the subjective effects more strongly than usual, but not so strongly 
as in experiment No. 38.” The dose in experiment No. 38 contained 34 
grams of alcohol and that in experiment No. 41 contained 28.8 grams instead 
of the 27.5 grams of the standard dose.” 

Beginning with experiment No. 43, the periods of measurement were 
shortened from 30 minutes to 15 minutes, and the length of the experiments 
extended. Nearly all of the short-period experiments varied in some way 
from the standard conditions, and such subjective impressions as are of 
interest will therefore be grouped according to the series. 

Series A.—The experiments (Nos. 43 and 58) were made under standard 
conditions and the subjective effects have already been cited. 

Series B.—Subject post-absorptive, otherwise standard conditions. (Ex- 
periment No. 52.) “Noticed no change in subjective symptoms. Urine 
samples not large, and passed without difficulty.” (Experiment No. 54.) 
“Subjective effects continued longer than usual, even to the end of period 
16. About the sixth period they seemed to clear away somewhat, but later 
the symptoms increased in strength.” 

Series C.—Standard dose divided into three parts (333 c.c. each) and 
taken at the beginning of periods 3, 5, and 7. (Experiment No. 59.) “Dur- 
ing periods 8, 9, and 10 I noted subjective effects which seemed nearly as 
strong as those noted with standard conditions. Urination not difficult 
until the quantity suddenly decreased in the last three periods.” (Experi- 
ment No. 61.) “Effects experienced not at all strong. Urine at the last 
of the session passed only with difficulty.” 
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Series D.—Standard dose, with additional 500 c. c. taken in 10 portions of 
50 c.c. each at the beginning of each period from periods 7 to 16 inclusive. 
(Experiment No. 63.) “I noticed an increase in the subjective effects over 
those experienced when only 1 liter has been taken. Nearly normal in 
periods 15 and 16.” 

Series E.—Standard dose, followed by an additional 900 c. c. taken in nine 
portions of 100 c. c. each, at the beginning of each period from periods 8 to 
16 inclusive. (Experiment No. 60.) ‘To-day the subjective effects seem 
stronger than usual, especially at first, and this continued through period 7. 
I have no explanation unless the heavy physical work of the previous day 
made me more sensitive. The quantities of urine were large even from the 
beginning. Headache began near the end of the experiment and I was uncom- 
fortable during the evening. The symptoms did not clear away until about 
9 p.m.” (Experiment No. 62.) “Following the ingestion of the standard 
dose, I noted fairly strong effects, which increased. As I write these notes 
(4 hours later), I feel the influence as strongly as at first, this being par- 
ticularly observable when I move and even as I sit writing. There is a 
dull, heavy feeling about the eyes and a desire to lean heavily on the desk 
before me. I feel confident of my ability to do anything of a routine na- 
ture.” Mental images and memories vivid in this experiment. (See earlier 
notes for standard conditions.) The following morning he states: “Had 
dull headache in evening and quite disinclined to work. The experience 
was very different from that of the usual experiment.” 

Series F.—Double dose, 2,000 c. c. taken within 20 minutes. (Experiment 
No. 44.) “I sat by the radiator while drinking. Almost immediately after 
the beginning of period 3, felt strong subjective effects, but was able to 
perform all the tests fairly well, I thought, until I stood up after the eye- 
movement test to take the station test. With the change of position from 
sitting to standing, there was a sudden desire to regurgitate. I endeavored 
to resist this, but it came so suddenly that I was unable to prevent an 
involuntary expulsion of about 100 c.c. of liquid. After spitting out this 
small amount, I immediately felt comfortable and was able to proceed 
without further interruption. At the end of period 4 it was not possible to 
urinate, and at the end of the next two periods it was only by the greatest 
effort that urine could be passed. The bladder and urinary tract seemed 
partially paralyzed and beyond the usual control. Fairly large quantities 
of urine did not appear until about 4 p.m. Urine was passed at 525™ p.m. 
and I went home between 5530™ and 5'55™ p.m. By this time the urine was 
exceedingly difficult to retain. I noticed marked flushing and warmth of 
the face beginning with the fourth period of the experiment, and think the 
skin temperature of the face must have been high. The subjective symp- 
toms were the same as usual, though stronger to the point of numbness of 
the arms and legs. When I rubbed the back of the head with my hands 
there seemed to be considerable difference in the temperatures of the two 
surfaces. When my hands were rubbed together they felt strange, hardly 
like my own. My hands were especially clumsy and fumbled in turning 
the switches for the electric lights. There was also slight indirection in any 
attempt to touch specific parts of the face with my hands. About 15 min- 
utes after the complete ingestion of the dose, and continuing for 15 or 20 


288 ALCOHOL AND HUMAN EFFICIENCY. 


minutes, there was a blurring of vision which pulsated in time with the 
heart-beat. There was no difficulty in the coordination of the two eyes, 
but the lids felt heavy. I was able to keep in time with the metronome in 
the eye-movement task, and thought I performed the pursuitmeter test 
fairly well. In the finger-movement test it was impossible to make the 
usual amplitudes, although the hands did not seem much colder than usual. 
In the station test, while my legs felt numb, I had the impression that I 
stood more quietly than normal, except for occasional sudden jerks of the 
body. My movements were more clumsy than usual, and in walking, I was 
unable to avoid running into the tables and chairs, which seemed to occupy 
more floor space than usual. At the sixteenth period I had not returned 
entirely to normal, but felt that I was approaching it. Enjoyed dinner at 
6530™ p.m. and was comfortable during the evening.” 

-Series G.—Standard dose preceded by 500 c. c. water taken 1 hour before. 
(Experiment No. 47.) “Alcohol effects disappeared earlier, about the end 
of the tenth period. Somewhat more prominent than usual in periods 3 
and 4. Feeling of heaviness in arms was striking. Large amounts of urine 
at beginning, but difficult to pass urine in period 16.” (Experiment No. 49.) 
“Some subjective effects, but not so strong as when no water taken before 
experiment.” 

Series H.—Standard dose, with 500 c.c. whole milk taken 1 hour before. 
(Experiment No. 48.) “Subjective effects not at all prominent.” (Experi- 
ment No. 50.) ‘Vision and coordination not so confused as on several 
earlier occasions. Kept a good pace throughout. Think I made some of 
the best records in standing I have. ever made.” 

Series I—Standard dose, with 500 c. c. of water 1 hour afterward at begin- 
ning of period 7. (Experiment No. 45.) “After drinking the water the 
subjective effects, to my surprise, became less. About the end of period 
13 I felt the influence of the alcohol was gone, but the sensations were again 
felt near the end of the fourteenth and beginning of the fifteenth periods.” 
(Experiment No. 51.) “Did not feel in the best of condition to-day and 
found difficulty in passing urine, which surprised me, as 1,500 c. c. of liquid 
had been taken.” 

Series J—Standard dose, followed by 500 c. ce. whole milk taken 1 hour 
afterwards. (Experiment No. 46.) “Characteristic subjective effects 
seemed quite slight by the eleventh or twelfth periods.” (Experiment No. 
53.) “Subjective effects present in periods 3 to 9 inclusive.” 

Series K.—Standard dose, with muscular work on bicycle ergometer in 
periods 3, 5, 7,9, 11, 18, and 15. (Experiment No. 64.) “Immediately after 
drinking and until work began, the subjective effects were as usual. On 
dismounting at the end of period 3, felt clumsy, but the feeling quickly 
disappeared. Experiment passed rapidly, with much reduced alcohol effect. 
Was surprised that the effect of the alcohol was so much less than usual.” 
(Experiment No. 65.) “At end of period 3, felt the effect of alcohol in my 
knees, but not much afterwards. In the last three periods, think my stand- 
ing records were as quiet as any I have ever made.” (Experiment No. 66, 
control experiment with work.) “At the end of period 3, legs felt cramped, 
but not so unsteady as in alcohol experiment. Did not perspire so much 
during work as before, although temperature conditions were the same as in 
the alcohol experiments.” 
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EXPERIMENTS WITH GROUP OF MEN WITH DILUTE 
ALCOHOL. 


As in the earlier studies, the comments and subjective impressions of the 
men in the group given dilute alcohol were recorded. These were the results 
of no formal questioning, but were incidental and voluntary observations, 
many of them being contributed in friendly chats at the end of the experi- 
mental day.* As for the typewriting study, the notes are grouped chrono- 
logically for each subject. 

Except on the second day with each man, the dose used was the standard 
dose for Mow, i. e., 27.5 grams of alcohol, diluted to a volume of 1,000 c. ¢., 
and taken at the end of the second period. On the second day, the 27.5 
grams of alcohol were taken in a concentrated solution, with a volume of 


only 100 c. c. 
Faf. 

May 20, 1921. Alcohol. Several times spoke of “a slight whirling sensation about 
my head.” “If I try, I can walk all right.” “The difficulty is that I feel hazy, and 
when I turn quickly it seems that my brain turns a little later than my body.” It being 
probably the first time that Faf had taken enough alcohol to produce these effects, they 
interested him considerably. 

June 1, 1921. Alcohol, concentrated dose. Immediately after drinking he com- 
plained that the beverage burned his mouth and asked if he might rinse it with water. 
Although this was undesirable from the experimenter’s point of view, it was permitted. 
The subject tried to spit out all the water taken into the mouth. About 20 minutes 
after drinking, he spoke of a “dazed feeling” and slight vertigo, “not more prominent 
than yesterday.” A little later, “feel as though I had just wakened from sound sleep 
with the lack of ambition and drive that one experiences then.” Thought the effects 
passed away a little more quickly on this day than previously. The subject was 
talkative, but there was a difficulty in his speech. He would sometimes move his lips 
considerably before any vocalization occurred. 

June 28, 1921. Control. “Feel no effects; think you must have given me a blank.” 

June 29, 1921. Alcohol. Some 30 minutes after dose: “Feel slow; hard to bring 
things to pass; have to drive myself.” Dr. Aub was present in period 5 during the 
knee-jerk and skin-temperature measurements. The author recalls this as the only 
time a visitor was present at any of the experiments reported in this volume. On the 
following day, Faf commented on his experience subsequent to this experiment. “On 
returning to the hospital, felt just a slight swaying, like being up in the top of a tree; 
had no headache.” 

June 30, 1921. Alcohol. 35 minutes after dose: “Less sure of myself than before 
in these experiments; the drink must have been stronger.” During the pulse counts, 
1144 hours after the alcohol, he was asleep. Subject had assisted in the hospital oper- 
ating room continuously from 8h30™ to 11h00™ a.m. “There was lots of ether, but I 
was not sleepy when I came.” He took the alcohol at 2405 p.m. 

July 1, 1921. Control. “Nothing in it; just drinking a lot of fluid.” 


Kom. 

May 25, 1921. Alcohol. At end of experiment: “About 20 minutes after drinking 
felt slight dizziness, but after that the sensations seemed to disappear.” 

May 27, 1921. Alcohol, concentrated dose. “The experience is just the same as 
before, or possibly a bit stronger; just a little dizzy, sleepy feeling.” 

June 2, 1921. Alcohol. ‘The strongest influence came to-day in the fourth period, a 
sleepy, drowsy feeling; slightly dizzy.” 

June 3, 1921. Alcohol. “Felt effects of drink to-day same as yesterday; no nausea 
or headache; slight belching.” ‘Yesterday and to-day noticed less steadiness in stand- 
ing after alcohol, and had difficulty in concentrating on the pursuitmeter task.” 


Se ee SS SSS ee 
2 These subjective impressions have not been made use of in Chapter VI, but they may be com- 
pared with the recorded data for these experiments, if desired, by reference to tables 54 to 69 


and figures 37 to 50. 
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Kac. 


May 31, 1921. Alcohol. At 35 minutes after drinking: on am a little dizzy, but 
could go down town without any difficulty. I can do anything I wish, but I have to 


watch myself very closely.” “At other times have had a stronger alcohol influence, 
80 it is not novelty that makes me notice it.” 
Hic. 


June 6, 1921. Alcohol. Before beginning the experiment he expressed belief that 1 
liter of fluid would slightly nauseate him. On being questioned later, said: “One or 
two times after drinking I felt a little uneasiness in the stomach.” Nothing else of a 
subjective nature was noted by the subject. This is significant in consideration of the 
low concentration of alcohol appearing in blood and urine samples for this day. (See 
tables 54 and _ 55, pages 212 and 213.) 

June 8, 1921. Alcohol, concentrated dose. About 10 minutes after taking the bev- 
erage: “Feel dizzy when I move, that is, when I stand up, but can control it by will 
power. It is noticeable when I am standing up doing nothing.” 

June 10, 1921. Alcohol. “Noticed alcohol influence, just dizziness; not so strong 
as on second day. Also my face is not so hot to-day as before.” 

June 11, 1921. Alcohol. “Only slight effects, less even than yesterday. My stomach 
is in good condition.” 

June 13, 1921. Control. “No sensation. My experience contrasts quite clearly with 
that of yesterday and the day before.” 


Jem. 


June 13, 1921. Alcohol. Ten minutes after drinking reported slight nausea. Fol- 
lowing first blood sample had tendency to regurgitate, which was successfully inhibited. 
On going to the adjoining room for the urine sample 20 minutes after ingestion: 
“Noticed unsteadiness and dizziness. This persisted and was clearest when I got up 
from sitting.” “I noticed some difficulty in working; on finishing one line of the code, 
I seemed to be slow in starting the next, but the thought occurred to me that I was 
as accurate as ever.” 

June 14, 1921. Alcohol, concentrated dose. ‘No nausea and not disagreeable. Some 
dizziness and peculiar confidence in myself were experienced. A mistake does not 
worry me; nothing of that sort seems to matter. Others seem to be talking at a dis- 
tance from me.” On going from the pendulum test for the first blood sample, was 
noticeably unsteady. On day following this experiment he said: “Last night after 
supper I seemed to be unusually fatigued.” 

June 15, 1921. Control. “Did not feel any very dizzy effects, not even when jump- 
ing up and starting for some other part of the room.” 

June 16, 1921. Alcohol. “There was some dizzy feeling which I could not shake 
off.” “It was hard for me to talk, there was a thickness of speech, and I was forgetful.” 
The subject did not cooperate in the adjustments for the tests as he had on the pre- 
vious day. 

June 17, 1921. Alcohol. “Some dizziness was experienced for about 1% hours, but 
the effect was milder than yesterday and I returned to normal more quickly.” His 
food was the same as on the preceding day, except that the previous meal on this day 
included a glass of milk. 

June 18, 1921. Control. “Think there must have been no alcohol; at least the 
effects were not present; no nausea, no dizziness.” 


Sul. 


June 16,1921. Alcohol. “There were typical alcohol sensations soon after taking the 
alcohol. I could notice dizziness when standing but not when sitting. In the standing 
test I could feel myself moving around more, and I made a mistake in the code test.” 
Sul was surprised during the experiment that more than one blood sample was desired. 
He was somewhat confused mentally and showed instability when walking. 

June 20, 1921. Alcohol, concentrated dose. “Within 3 or 4 minutes noticed a swim- 
ming feeling in the head and a little numbness of hands and fingers. The knees were 
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weak, but there was nothing unpleasant about it. I wanted to sing.” Both experi- 
menter and assistant noted the exuberance and otherwise strong effect on this occasion. 
During a short intermission, Sul sat down in an office chair which, as usual, has a tilting 
back held in place by a stiff spring below the seat. On leaning back naturally in the 
chair it, of course, tilted; this gave the subject a fright for he thought the tilting due to 
his condition. 

June 27, 1921. Control. “Felt a little sleepy and tired, but by the end of period 3 
it was all gone.” 

June 29, 1921. Alcohol. “The drink made me slightly unsteady, but was noticed 
mostly in producing a little drowsy feeling.” No exhilaration noted, as with the con- 
centrated dose. 

June 30, 1921. Alcohol. “Same effect as yesterday.” During the knee-jerk test in 
period 3 there was labored breathing. 

July 1, 1921. Control. “Felt nothing unusual; think there was little or no alcohol 
in the dose.” Sul was cold 30 minutes after drinking and put on his coat. 

Rir. 

July 6, 1921. Alcohol. On the day previous he had taken an abnormal amount of 
strenuous exercise in the sun and very heavy food. “Noticed a little nausea at the 
time of the second blood sample (40 minutes after dose), but only for 3 or 4 minutes. 
Hardly any sensations that I could notice, so that the effects were much less than I 
have had at other times.” 

July 6, 1921. Alcohol, concentrated dose. “Felt a stimulation or exhilaration for 
about 20 minutes and later a sleepy condition. No vertigo present.” To those observ- 
ing him, Rir gave no certain indication of an alcohol effect. 

July 7, 1921. Control. “No effects, not even slight.” 

July 8, 1921. Alcohol. “Little nausea in periods 3 and 4; no headache, but thick- 
headed and faint dizziness.” 

July 11,1921. Alcohol. “No nausea, no dizziness, but sleepy in periods 4 and 5. Little 
headache due to microscopic work this morning. The effect was even less than the 
time before. Feeling quite normal at start and finish.” 

July 14, 1921. Control. “Less alcohol influence than any previous day; have not 
been annoyed by the warm weather; did not perspire so much to-day.” 

July 19, 1921. Alcohol. “Did not notice anything new or different. Could notice 
the alcohol in period 4; slight headache, but no other symptoms.” 


Cef. 


Cef was an habitual user of alcoholic beverages of long experience. He was 52 years 
old. Began drinking at 17 years of age, “regularly 1 to 10 glasses per day.” Had 
“sworn off” for 6 to 8 months at different times, but during the previous 214 years had 
been drinking a good deal. His recent work had involved the caring for many cages 
of small laboratory animals. 

July 13, 1921. Alcohol. “What I drank to-day tasted well; volume not large if you 
are thirsty; would hardly know it contained alcohol. 

July 15, 1921. Alcohol, concentrated dose. “Could feel the dose inside of 2 minutes; 
another drink the same size would have started me talking to myself. The strongest 
feelings were 15 or 20 minutes after it was taken. Did not get any worse, but they 
gradually grew less. No unsteady feeling in legs or dizziness. You can feel a heat all 
over your body resulting from it. It made no difference in my work here; it helped 
me out in sitting quiet and stuff of that kind; could stand steadier with it than with- 
out it.” 

It was very unfortunate that this man broke an ankle a day or so later and was 
unable to continue the experiments. 


Sut. 


September 27, 1921. Alcohol. This man is an occasional immoderate drinker. Fol- 
lowing the experiment he said: “The beverage was not hard to take. I noticed a 
faint effect, not enough to disturb coordination. There was a little dryness of the 
mouth and throat, which I usually experience after taking alcohol.” 
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September 30, 1921. Alcohol, concentrated dose. Reported that no effects were 
experienced. The protocols show that Sut took 300 c.c. of water 1 hour before the 
dose and that his lunch, consisting of a cheese sandwich and one cup of coffee, was 
taken 2 hours before the alcohol. 

October 10, 1921. Control. “The drink seemed to taste entirely different to-day; 
no after-taste, as usually comes following alcohol.” “It made me a little cold to drink 
the 1 liter of beverage.” 

October 14, 1921. Alcohol. “Found no effects except from the mucous membrane of 
the mouth.” 

October 18, 1921. Alcohol. No comments indicating any subjective experience char- 
acteristic of alcohol ingestion. 

October 21, 1921. Control. “Think I am starting a cold; slight headache and con- 
gested condition.” 


A perusal of these comments, scattered and fragmentary as they are, 
shows that for a majority of the subjects 27.5 grams of ethyl alcohol in a 
liter of diluted grape juice produced noticeable subjective symptoms. This 
volume of liquid, except in one or two instances, was not thought too large. 
The men as a rule could easily tell which days were “alcohol.” The effects 
were commonly reported as most prominent within the first 35 to 40 minutes 
following the complete ingestion, and were most noticeable when the sub- 
jects rose, stood, or walked. There were individual differences in sensitivity 
to the alcohol and for intensity of the effect. Only the seasoned habitual 
drinker, Cef, was confident that he performed some of his laboratory work 
better after alcohol. 
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